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FIELD OF THE INVENTION 

The present invention relates, to ih ieli f m it i drags and 

nucleic acids) into cells using noacovakm delivery systems;. The present invention provides 
compositions and methods tor the delivery arid release of a compound of interest to a cell 

BACKGROUND 



Drug Delivery 



rradet 



' of methods and routes of administration have been developed to deliver 
that in< hide small ro< 1 t ictive compount uch 

>mt4 u T v. > si s j r ( s 

icluda intravascular {"intravenous, intraarterial K intramuscular, 

mal subcuta ! i > ritoneal and 

ringe and a needle or catheter. The blood circulatory 
e pharmaceutical. Polyethylene glycol and other 
rotection of the pharmaceutical in die blood stream by 
omponents and to increase the circulatory time of the 
afion , phagocytosis and untake by the 



phannaeentica 
as peptides, he 
administration 
mtrapasencfeyti 
intraiymphatie intentions th 
system provides systemic s; 

bydrophiho polymers 1 ivc provide i > >t tion of the pharo 
preventing its interaeiion with blond components and to inc; 

ham iieal b , j 1 < t tint h t > 
reticuloendothelial system. For example, the enzyme adenos 

> \ s dycolt v v ^ 1 

of this enzyme in the treatment of patients with adenosine dt 

! > ,. i tmaceutical r tin 
ix 1 e i f > 1 uti t!s have alst heeo complcxed w 
piihrni-rs o delay their release ram depots. Tl ta luded opolymers of 



time a 



j re 



sase dettctency. 
mstratioo is tinder intensive 
variety of biologically-labile 
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poiy{lac£ic,g!y«)iic acid) (PLGA) (Jain, R. etai. Drug Dev. bid Phaim 24, 703-727 (1998), 
tiivl ' et polyvinyl alcohol (Mcirikin., DC rnci Anaod, R, Curr Opm Ophthalmol 5, 
21-29. iW) as; typical exampu of on i > iabie sustained release 

systems; respectively, 
s Transdermal routes of admit fleeted by patches n 

ionotophoresk. Other epithelial routes include oral- nasal respiratory, and vaginal routes of 
adminisiratkm. These routes, have attracted particular interest for the delivery of peptides, 
proteins, hormones, and cytokines which are typically administered by parenteral routes 
using needles. For example, the delivery of insulin via respiratory , oral or nasal routes would 

Hi be very attractive for patients with diabetes meihms. For oral routes, the acidity of the 

stomach (pH less Shan 2} is avoided for pH-sen>itive compounds by concealing peptidase- 
sensitive polypeptides inside pH-sensitivc hydrogel matrix (copolymers of 
polyethyleneglycol and polyaeryiic acid.). After passing low pH compartments of 
gastrointestinal tract such structures: swells at higher pH releasing thus a bioactive compound 

is (Lowman AM et al. J. Pharm. Set, 88, 933-937 {1999}. Capsules have also been developed 
ti Ere! is the.i ct i.euts within the small intestine has tip > 1 t soiobilit 

polymer. Copolymers of poiymethacrylic acid (Eodragit S, Rohm America) are known as 
polymers which are insoluble at lower p.H but readily solobii ized at higher pH, so they arc: 
used as enteric coatings (Z Hu et ai. J. Drug Target, 7, 223, 1999), 

20 Biologically active molecules may be assisted by a reversible formation of eovalenf 

bonds. Quite often, it is found that the drag administered Co a patient is not the active form of 
the drug, but is what is a called a prodrug that changes into the actual biologically active 
compound upon interactions with specific enzymes inside the body In particular, anticancer 
drugs are quite toxic and are administered as prodrugs which do not become active until they 

25 come in contact wit!) the cancerous cell iSezaki, II, Takakura. V., Hash Ida, M. Adv. Drug. 
Delivery Reviews 3, 193, 1989), 

Recent studies have found that pH in solid tumors is 0.5 to 1 units lower than in 
normal tissue (Gewecfc LE et ai. Cancer Res. 56. 1 194 (1996). Hence, the use ofpH- 
sensitive polymers tot rumor targeting is justified. However, this approach was demonstrated 

30 only in vifro (Bettor;. M, Eur. J. Pharm. Biophartn. 47, 1. ] 9-23, 1999), 

Liposomes were also used as drug delivery vehicles for low molecular weight drugs 
and maetomokvt lei ^uv'i is at photericin 8 fo > c ! t did t 

Inelusio t 11 s > s 1 cin 1 t-a developed r is 

1 - ' v i ' > ,1 ■■• - ; j e a to otho tissm sites i< heart) th <■ < ie - ; hei 
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toxicity- p.! < n ' i 1 h > s .ti 

triggered relea fan encapsula > lydropi ah\ modified J 

is VMOP ! U r HOIK i ,'ki it 1KI ^ I a pi.Ospt StlO 

ehioUne liposomes pH-sensmve by pH-dependem interaction of grafted aliphatic cha 
lipid bbayer (O Meyer ei aL FEBS Lett., 421, 61, 19985. 



; u. mi _ k y D - ■ > i ( 

Gent or polynucleotide transfer is the 
needs to be «-ansterred across the cell membr 
expressed. Gene transfer methods currently b 
physical -ehem i ca I methods . 

Viruses have evolved over millions o; 
celts. Viruses can be modified u? carry a desh 
therapy. Using standard recombinant ieehniqt 
be removed and replaced with the desired no; 
mouse retroviruses The devclo mem rf tro^ 
current gene therapy efforts. However, they cano 



gene and oecome a "vector tor gene 
n v h < erfta< genes can 

I gene. This was first accomplished with 
a! vectors were the catalyst that promoted 
mica afl eel! types very efficiently. 



espccialh ? > j 

i t t I i i i noviral and adenoassoc net lor. t c 

being developed to infect king and other cells. 



Besides 



:ble 



;fer genes into mammalian 
j DNA along with a 



mammalia!) cells. Several mill: 
be prepared and purified from 
gene can be incorporated into i 
LipofeebrO that then transfer ti 
eomplexed with proteins that t; 
proteins are taken up (endocytt 
with polymers such as poiylysi 
involves "shooting" the plasm;. 
Finally, muscle ceils m vivo ha 



1 DNA 



ill these sequences car: 
. containing the desired 
the lipids such as 
amd DNA can also be 
■s just as certain 



- cells. Also- piasrmd DNA can be complexes; 
sent > uk \* i i i'l mqu 
gold beads mto the cell using a "gun", 
ibilisy to take up and express; piasroid DNA 

ods. Some of 



Gene therapy approaches can be classified into direct arid indirect n 
these gene transfer methods are most effective when directly injected into a tissue space. 
3 
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Direct methods using many of me above gene transfet techniques are being used to target 
tumors, muscle, liver, fun» ? and brain. Other methods, are most effective when applied to ceils 
or ; ^s 1 n ave been rem* ci from the bod t 1 v.JK arc then 

transplanted back into the body, indirect approaches in conjunction with retroviral vectors are 
5 rvnud i v. i' i t < ^ im 1 t t l! s I { > t n pi st, 
myoblasts and skin cells. 

Gone 'Th erapy And Nucleic Acsd-Bascd Therapies 

Gene therapy promises to be a revolutionary advance in the treatment of disease, it is 
;i.'f i nd 1 1 1 J t ?proaci r treati ease that ss different from the corrvenuoi 
! t 1 ana phamueeutuJ d et nu « >u nn ti 1. ic> - 
approach, !f someone he,?; a defective aerie, then gene therapy would fix the defective cere 
l!m i t u ti 1 nn < Pi i ntjfO to ^ is o sk u p od t 1 
P oft ^ L ne substrates and <. 01 oducts. Aid tial moti tit 1 

is tor gene therapy was the treatment of genetic disorders, it is becoming increasingly apparent 
that gene therapy will bo useful for the treatment of a broad range of acqui red diseases such 
as cancer, infectious disorders (AIDS), heart disease, arthritis, and neurodegenerative 
disorders (Parkinson's, and Aizhejroer!&), 

Gene therapy promises to take full-advantage of the major advances brought about by 
20 molecular biology. While, biochemistry is mainly concerned with how the cell obtains the 
, 1 j t normal fundi ' 1 ioiogy is ma nh 

concerned with how the cell gets the information to perform its functions. .Molecular biology 
wants to discover the flow of information in the cel l. Using the metaphor of computers, the 
cell is h» hardware vhi ti genes ire the software 1 tin sens he mrpos oi one 
25 therapy is so provide the ceil with a new program < generic information) so as to reprogram a 
dysfunctional ceil to perform a normal function. The addition of a new cellular function is 
provided h\ tie insertion of 1 foreign gen: that expresses .1 foreign protein 0? a native protein 
at amounts that are not present m the patient 

The inhibition of a cellular function is provided by atiti.-se.nse approaches (that is 
so en t < v . r k x d d t . !> 1 ) ilc ' 1 m on n una 1 rx 10 ft 

messenger RNA s t Messenger RNA (mRNA) is an intermediate in th 

expression of the ON A gene. The mRNA is translated into a protein, "Anti-sense" methods 
use a KNA sequence ->t an oi gi t « at is made comple entat to the target mRN A 
sequence and therefore bint s speetl ' - 10ti-seo.se 

4 
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>>,..<-... ! - - ' he tan 

translated, Ribozymes de; 
RNA's that a: 



aitenct 



rmpkmemary 



tehow destroyed or blocked from I 
liiTerent mechanism. Ribozymes a 
ges messenger RNA. plus a RNA 



RNA 



tying 



-cata- 



it f 



t traced into ceil 1 % w ouki ncco e t the sp< 
diseaseousmg properties. 

fo d t « i > ( disorder:; a 
first uses of eerie therapy hi humans has been used fb 
SO deaminase (ADA t gene. Other clinical gene therapy t 
fibrosis, fiii ilia! h p i est remta caused by a def- 
than ton h t >) t jiuj v H it i da ct 
being developed for Ducherme muscular dystrophy, f 
dystrophy eventually die from loss of foe;: respirator 
IS iniratnuscukn nje.ci.i0n of naked pi mi D 1 

A wide v 1 iet\ of gem ret approaches fo 
animals and in human clinical trials, One approach is 
turaoi celts, cytoki n - t it stimulate (he immune 



cytok in r gen< would >e too 
the body and infecting (hem 
cells would be similarly gen< 
within the tumor. Direct app; 



lympho 



f Ot 



trem response ; >t. the < net r. folic appn 
! . 1 > > 1 ; f A 11 i fo a h , 1 v >t . ; potent n 
run Ticianom in order to induce more eftee 
cancer. 

"Suicide" genes are genes that kill cells that e 
iu in gem li c;i m!K 1 i Herpe 
onpmct f .'i 1 3 ch 3 us; 1 to ire > I- 1 rp- 

approaches take advantage > our knowledge of onoo 
known as ami- oncogenes. The loss of a functioning at 
child! ood rumors such ax retinoblastoma osteosarcor 
important role in more common tumors such as large. 



ansidered for gene therapy . One of the 
the genetic deficiency of the adenosine 
ais have been conducted tor cystic 
fove LDL-recepior gene and partis! 
id direct gene therapy approaches are 
meras with this type of muscular 
muscles. Direct approaches include the 
loviral vectors 

cancer are under investigation it; 
a express in lymphocytes and in the 
system to destroy the cancer cells. The 
nes by removing the lymphocytes from 
trying the cytokim . 1 he tumor 
1 'i x cvtokn 



tat has entered clinical trials is the direct 
nmunogen} within lipid vesicles into 
live immune response against the 

xpress (he gene. For example, the 
hymidme kinase (TK ) gene kills cells in 
is vsral infections). Other gc;tc therapy 
genes and suppressor tumor genes- also 
ni- oncogene plays a decisive rale in 

colon and breast cancer. Introduction of 
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Use normal a < 1 n back to normal cells. 

The activation of oncogenes, also plays an important role in the development of cancer*. 
Since these oncogenes operate in a " dominant" fashion, treatment will require inaetivatiori of 
the abnormal oncogene. This can be done using either "anti-sense" or r - * methods that 

Gene therapy can be usee! as a type of vaccination to prevent infectious diseases and 
catrei When a t >,,. a tor is icausk-rr.x <n < a ^ ell and the protein is u ,k tin \ eyas 
proteii ! present < to tin imnmrtt systei it t ere.nth iron simp!} mjecdn tlx h igi 
protein mto the body. This diftcrcnf presentation is more likely to cause a cell-mediated 

10 immune response which is iruportaiii for fighting latent viral infections such as human 

immunodeficiency vims sHIV causes -AIDS). Hetpes end cytomegalovirus. Expression of the 
viral gene wtihm a ceil simulates a viral infection and induces a more effective unmune 
response by ibohng the body that the cell is acnsaliy infected by the vims, without the danger 
of an actual viral infection. 

IS One direct approach uses the direct intramuscular injection of naked pJasmid DNA to 

express a viral gene in muscle cells. The "gun" has also been shown to be effective at 
induct: g <>f 

ipp >aches ti > ig die its of retroviral vaecmia or adenoviral vecloi are also being 
developed. An indirect approach has been developed to remove fibroblasts from the skin, 

m infect them with, a retroviral vector carrying a viral gene and transplant the cells back into the 
hotly, 'The envelope gene from the AIDS virus (HIV) is often used for these purposes. Many 
cancer cell express specific e n ti el don t re to? tlx .. enes 

specifically expressed in cancer cells can be used for immunization against cancer. 

Besides the above immunization approaches, several other gene therapies are being 

25 dt velorvd t r re i t.u mi Om oov Vest nimss s i a > h.s eKii aod«tul 
for HIV irsfection and AIDS Many of them will involve the delivery of anti-sense or 
ribozyroe sequences directed against the particular viral messenger RNA. These anti-sense or 
nbozyrae sequences will block the expression of specific viral genes and abort the viral 
infection without damaging the infected ceil. Another approach somewhat similar to the aw- 

Sii st is, ipi „ ? ! oi rexpn s the I ) regulatory Hi\ equet c 

Gene therapy efforts, would be directed at lowering Jbc risk factors associated with 
atherosclerosis. Overexpression of the LDL receptor gene would lower blood cholesterol in 
patients not only with familial hypercholesteremia hut with other causes of high cholesterol 
ie*.el- The ^too, ' mid he c^pjesse I 
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also in <* rioas ssnes fbis would i s ■> f n 3 

attacks fissu 1 en acuvaiot tPA.i proteii <s i given > patients mimedsaleh 

after (heir myocardial Infarction to digest the olood dots and open up the blocked coronary- 
blood vessels. The gene for (PA could be expressed ui the endothelial cells hntng the 

5 coronary blood vessels <« f w ti t! !ly without providing tPA thro ! - 

'hi ^ 1 h for coronary ve i a 1 express a gene in the heart thai 

produces a protein thai causes new blood vessels to grow. This would increase collateral 
blood flow and prevent a myocardial infarction irom occurring. 

\ rods neratn 1' r< et sra 1 Parkinson's and Aizhesm iseases a ai 

Hi candidal for earl> hempes at gene the; > krtfo >.< i 1 1 be 1 ten h ip> 
Several proteins and their genes (such as the 11,.- 1 recepior antagonist protein) have recently 
been discovered to be antionnarnmatory. Expression of these penes in joim (synovial) fluid 
would decrease the joint inflammation and treat the arthritis. 

In addition, methods are being developed to direct ly muddy the sequence of target 

15 genes and chromosomal DMA. The delivery of a nucleic avid or other compound that 

modifies the genetic instruction {e.g.., by homologous recombination) can eorreci a mutated 
gens t ■ mi t,i 1 najomrs. em 



2<j Polymers for "Drug and Nucleic Acid Delivery 

Polymers so used for <in deli ea fot i variety of tberapeutit purposes Polymers 
have also been used in research for the delivery of nucleic acids fpo.iyoueieot teles and 
olmot D adr-itt P )in n u tine! in n di „ < k p 10 <v ^ mk( 
processes have been termed gene therapy or ant; -sense therapy. Dae of the several methods 

25 of nucleic acid delivery to the cells is the rise of DMA-noSycation complexes. I; has been 
shown that eationic proteins like histories and protamines or synthetic polymers like 
poiylysine, polyaopomc, pojyornitbine, DF.AE desman, poiybrcne. nod poiyethylcnimme 
m ay K effective inn 1 I dycatioos like tax nuns 

ineffective. The following are some important principles involving the mechanism by which 

30 poiycatKHis facilitate uptake of DNA; 

Polycations provide attachment of DNA to the ceil surface The polymer forms a 
cross-bridge between the nolyanionic nucleic acids md the ; olyaniomc surfaces of the cells. 
As a result the main mechanism of DNA translocation to the intracellular space might be 
non-specific adsorpove etidoeytosis which may be more effective then liquid endoeyiosis or 
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tor tied yto n p c r t tsker for art 

specific, ligsfids to DNA and as result. DNA- polycation complexes can be targeted to 
specific cell types. 

ft yeations protect DNA ii complexes against nuclease tegradatton this 
nt for ">ot fr t nd int elioi r prese on of DNA. Gene ex; ssion is al 
enabled or increased by preventing endosome acidification with NH4CI or ehloroquine. 
Poiyethylemmine whtel facilitates gen ex ress > witfeo I < titiomti eatn mts probabb 
disrupts endosomai function itself. .Disruption of endosomai Junction has also been 
accomplished by linking so the polycation cmdosomal-disruptive agents such as fusion 
peptides or adenoviruses. 

Folycations can also facilitate DMA condensation. The volume which one DNA 
molen k occupies n a complex with poiycations is H it lower than the volume of a 
fre >NA mol ik 1 size of a D.NNVj icr coi lex is prof •! rittcal fot en* 
delivery iti vivo. In terms of intravenous injection, DNA needs to cross the endothelial barrier 
ind teach the pare! ! mai eh < f imei est. Th I tbx i ienesr 1 > «. t the 

endothelial otic ) occur in the liver and have an average diameter of 100 ran. The trans- 
epithelial pores io other organs are much smaller, for example, muscle endothelium can he 
described as a structure which has a large number of small pores with 3 radius of 4 ran, and a 
very low number of large pores with a radius of 20-30 ram The size of the DNA complexes is 
also important for the cellular uptake process. After binding to the cells the DNA- polycation 
complex shock! be taker; up by eodoeytosss. Since the endocytic vesicles have a homogenous 
internal diameter of about 100 ran in bepafoeytes ana arc of similar size in other ceil types, 
DNA complexes smaller than 100 tun are preferred. 



25 Condensation of DNA 

A significant number of multivalent cations with widely different molecular structures 
have been shown to induce condensation- of DMA. 

condensing) 

DNA: 

30 i . Multivalent cations with a charge of three or higher have been shown to condense 

ON \ These i rmidine spermine CofNTD , U «k na< t lo ynthcti 

polymers such as hsstone HI. protamine, poly lysine, and polyethyJenimine. Analysis has 
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shows DNA condensation k» be favored when 90% or more of the charges along the sugar- 
n u Taw liaed 

2. Polymers (neutral or anionic) which cm increase repulsion between DNA and its 
surroundings have been shown to compact DNA. Most significantly, spontaneous DN <\ self- 
> assembly and aggregation process have been shown m result Irani the coniinernent of large 
amounts of ON A, doe to excluded volume effect. 

Depending upon the concentration of DNA, condensation leads to three main types of 
structures: 

1 ) In extremely dilute .solution (about I ug/mL or below), long DNA molecules can 
10 undergo a monomoleeuiar collapse and form structures, described as torou}. 

2 1) t gth i Ht Si I '.Mjt I I ItiH i.:K sUC.t tOHUb-D o Ul. 

nolecules and t i un in suspensio torn id ds d small aggregate i be seen ittt site! 
solution. 

i In dilute solution (abou I mg'mL) h« regales ai !ornt« tl t sediment 

15 .readily. 



Toroids have been considered an attractive form for gene delivery because they have 
the smallest White ih of DNA 1 t i rations!') 

been shown to vary considerably, toroid size is unaffected by the length of DNA being 
condensed. DNA molecules from 400 bp to genomic length produce toroids similar in size. 
Therefore one toroid can include from one to se 1 ! tics of DM \ 

collapse by pofyeahons ihax resulted in toroids is very slow. For example DNA condensation 
by Coi'NI D fgC lj needs 2 hours at room temperature. 

The mechanism of DNA condensation is not clear. The electrostatic Nave between 
unp rum d i h ^ 

multivalent cations and plays a major roie in DNA condensation. The hydration forces 
predominate over electrostatic forces when the DN A helices approach closer then a tew water 
diameters, hi a case of DNA - polymeric pofyeation interactions, DNA condensation h a 
mor tropin ted pr xs th he case low molecuiaf u < Did 
polycatao - ^ i orea >t. od ronnaia with < * -tore DNA at a rati< 

of positive to negative charge of two to five. T4 DNA complexes with poiyargtntne or histone 
can form rwnnpes of 1 u< ti s at U n c wtih a lotig axis I 

nm (tike free DNA.) and dense spherical particles. Both looms exist simultaneously in the 
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same solution. The reason tor the co-existence of the two forms can be explained as an 
un ) stnbuiso fthe pol jtion chains among the DNA mo! 1 he us i 
unn.ot n „ ai t >i v«r i i a,, atuatoraafmm 

The eicctrophoretic mobility of DNA k hi complexes can change from 
negative to positive in excess of p. K*. It is likely that large \ ^ -> do not 
completely align along DNA bet form polymer loops that interact with other DNA molecules. 
The rapid aggregation and strong jmeratoleeular forces between different DNA molecules 
may prevent the slow adjustment between helices needed k> toots tightly packed orderly 
particles. 

As previously suued. preparation of poiycabon-eondensed DNA particles is of 
particular importance for gene therapy, more specifically, panicle delivery such as the design 
of non-viral gene transfer vectors, Optimal ttanslection ac.tsv.iiy in vitro and w vo can 
requite an excess of poly cation molecules. However, the presence of a large excess of 
polycatious may be toxic to cells and tissues. Moreover, the non-specific binding of caiioriic 
particles to all cells forestalls cellular targeting. Positive charge also has at) adverse influence 
on hsodisttibtitton of the complexes in vivo. 

Several modifications of .DNA -cation particles have been created to circumvent the 
nonspecific interactions of the DNA-cation.parttc.ie and the toxicity of canonic particles. 
Examples of these modifications include attachment of stent; stabilizers, e.g. polyethylene 
glycol, which inhibit nonspecific, interactions between the cation and biological jwlyanions. 
A.not.hes example is recharging the DN \ particle by the ark more ot poiyanionsr which 
interact with the canonic particle., thereby lowering, its surface charge, i.e. recharging of the 
DNA particle U.S. 09/328,975. Another example is cross- linking the polymers and thereby 
caging the complex described tn U.S. 08/778,657. U.S. 09/000.692. U.S. 09/970299. and U.S. 
09/464 .871, Nucleic acid panicles can be formed by the formation of chemical ootid;, and 
template polymerization described in U.S. Q8/?7S,657, U.S. 99. 000.692. U.S. 09/070299, and 
U.S. 09/464.S71. 

A potential problem with these modifications is that they may be irreversible 
rendering the particle tumble to interact with the cell to be transacted, and/or incapable of 
escaping from the lysosome once taken into a ceil, and or mcapabie of entering the nucleus 
once i e cell ti > ot of DNA particles that is reversible under 

conditions found in the cell may allow for effective delivery of DNA. The conditions that 

10 
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cause the reversal of particle formation may be, but not limited to, the pH, ionic strength, 
oxidative or reductive conditions or agents, or enzymatic activity. 

i)N \ icm:natc Polviocf iz.men 
5 Low raidecekir weight cations - valency < -N3 + to o. dor ^ DNA it) aqueous 

solutions under normal conditions. However, anionic molecules, with the charge <-t-3 can be 
polymerized in the presence of DM A ;md the resulting polymers can cause DNA to condense 
into compact structures. Such an approach is known m synthetic polymer chemistry as 
template polymerization. During tins process, monomers {which are initially weakly 

10 associated with the template? are positioned along Template's backbone, thereby promoting 
their polymerization. Weak eleerostatie association of the nascent polymer and the teropiaie 
becomes stronger with chain growth of the polymer I'rubetskoy ei til used two types of 
polymerization reactions to achieve DN.A condensation step r ! >un < can) and chair; 
polymerization ( VS Truhetskoy, VG Budket, O Hanson, PM Slattnm, JA Wolff, LE 

15 Hagstrom. Nucleic Acids Res. 26:4.1 78-41 85. 1998) U.S. 08/778,657, U.S. 09/000,692, U.S. 
97/2408", U.S. 09/070299. and U.S. 09/464,871. Bts(2.aminoethyl}-l,a-propwtcdtamine 
(AEPD), a tetraamirvt* with 2.5 positive charges per molecule at pli 8 was polymerized m the 
presence i i ^ , 

(succinnnidyi propionate) and dm^ethyJ-3,?'-dith«>bi«propioniroidate. Both reactions yielded 

20 DM A/polymer complex x <, t v i i i < * lectrophoresis gels 

i lemon it 

complexes with 100 nnYI tlithiolhreiiol {DTI') resulted in the p'DMA returning to its normal 
superceded n if n following ut 1 o s proving m cleavage the backbone of the, 
The template depenciera polymerization process was also iested using n 14 me; - peptide 

25 encoding the nuclear localizing signal CNLSi of SV40 T antigen (CG YGPKKKRK VGGC) as 
a cationic driacromonomero Other studies inc hided pegyiated cornonomer tPl.XA.AEPD} into 
the reaction mixture and resulted in Avorrrf -like structures fas judged by transmission 
electron microscopy* that have previously been observed with DNA complexes formed from 
block co-polymers of poiyiysme and PEG ( MA Wolfert, EH Scbachl, V Toncheva. K 

so Ldbrkxh, O Maxarova. LW Seymour Human Gene Ther. 7:2 125-2153, 1996). Blessing et al 
js u st )t d if t of so oiiitK fi re b > 

growth. The presence of ON A accelerated the polymerization reaction as measured the rate of 
disappearance of tree thiols in the reaction mixture (T Blessing, JS Remy, 3P Befer. J. Am, 
Chem. Soc. 120:85 19-8520. 1998}. 

H 



pen 80(02612 
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7Te stability of DNA nanoass 
v >> because the . ; tag si p< 
process of exchange consists of two ; 
poJyanion complex, 2i skw substhut 
equiiibriiitTi conditions, the whole pn 
complex and an excels of a third pot 

5 t ( ^ t I ' O-iS ' JX £ • 

i. t <. r v. ' x ^ " 1 K Kc it is ds 

where DNA would stay in m condensed 
t ndepe o deni ! y o f ei; v i rotimeiu condib on ; 

The complete DNA condensation 
phosphates results in the presence of imp 
polycatkm contains ;.uch reactive groups 



t x to 

triple DKA-polycai 



eventually r 
The preseitc 



turns 



trable to obtain more colioidalJy stable structures 
yrm in complex wnh corresponding poly-cation 



>nly 90% of the polymer s 
the DNA panicles, if the 



x.b < 



charges may be Modified T his. ; 
modulating colloidal properties of DNA particles, v 
We have demonstrated the utility of such reactions 
(DNA/PLL) system reacted with the cieavable cros 
dttbiohispmptommidatc eDTBP? which react? with 
amidioes (VS Trubetskoy, A Loorois, PM Siatrum. 
Bioeois jugate Ghent. 10:624-628, 1999) U.S. OS ,77 
U.S. 09/070299, and U.S. 09/464,871 . Similar resu 
including poly (ally (amine? and historic Hi. The use 
> i < I 1 1 c it' 



-link 



these unpaired positive 
titiess possibilities of 
timcations of the complex; 
:1 DNA-poly-L-lysine 
u dimethyl-33'- 



pnniary ammo groups with formation ol 
JE Hagstrom, VG Budker, J A Wolff. 
s.657. U.S 09TiGCe692. U.S. 97/24089, 
ts were achieved wtth other pod cations 
of another bifttcntional reagent, 
of DNA complexes with cattonte peptide 



Recharging. 

The caging approach described aisove could lead to more colioidaliy stable DNA 
assemblies. However, this approach may not change the particle surface charge, Caging mih 
-A uttion reagents, whtct > >osiii c! o:i nino rou ft >s h mm k 

positive. However, negative surface charge would he more desirable for many practical 
applications ■ i 1 j omeooi srfact nargi ; well kj 

coi!oi< tst i » I < g i ! bobicdyophiik terns (i 
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example, silver halidc hydrosoUf Addition of potvion to a suspension of latex particles with 
oppositely-charged surface leads to the permanent absorption of this polyton on the surface 
and. upon reaching appropriate stoic ha oniony, changing she surface charge 10 opposite one. 
lhc- % o v is > ^ 1 ^ t i 1 t K n i i. •> * n a snog the 

neutralization point. 

We have demonstrated that similar layering of polyeiectroiytes can be achieved on the 
surfac of DNA/poiycation part k (VS Tru tskos \ l omi 1 1 sgstrot VG Budke 
JA Woiff Nucleic Acids Res. 27:3090-3095, 1999). The principal DMA-polycation 
{DN.A'pCt complex used in this study was D'N A/PI..L < 1 :3 charge ratio) formed in low salt 25 
roM KEPES buffer and recharged with increasing amounts of 'various fxilyamons. The DNA 
particles were characterized after addition of a third pojyion component to a DNA/polycaiion 
complex using a new DNA condensation assay (VS Trubetskoy, PM Shitrurn. if: Hagstrom, 
JA Wolff VG Budker. Anal Bioehem. 267:309-313, 1999} and static light scattering. It has 
been found that certain poiyantons such as polyy methaeryitc acid? and polyi aspartie acid) 
decondensed DNA in DNA/PLI, complexes. Supnsmgiy. poiyantons of lower charge density 
such as soeeioyktled PLL and poiyfghitamk acid), even when added in 20-fold charge excess 
to con )c poiyt mon "I I did oot eondei DNA is >.NA/PLL | J) complex 
Further studies have found that displacement effects are salt-dependent, hi addition, 
poiyghttamate hut not the relatively weaker polyanion succiuylated poiy-L-iystne (SPLTi 
displaces DNA at higher sodium chloride conceotrattuois. Measurement of z-posential of 
DNA/PLL particles daring titration with SPLL revealed the change of particle surface charge 
ti approximate! c j ncy point a ddit f Jos 

charge density poly union to the canonic .DNA/PLL particles results in parade surface charge 
reversal while maintaining condensed DNA core intact, finally , D N.A poly cation complexes 
can he both recharged and crosslmked or caged U.S. 08/778,657, U.S. 09/000,692. U.S. 
97/24089, U.S. 09/070299, and U.S. 09/464,871, 



The Use of p ifScnsntvo Lipids. Tmphr patUc Uoirtn oands. and Li posomes for Drue and 
Nucleic Acsd Delivery 

Alter the landmark description I DO T MA < \ | i o 2.3-dioleyioxy tpropyiJ-N.N.N- 
triroeihytaintnonitirn chloride) [feigner., P I. Gadek, T R, Hotm, M, et al. Lspofechon: a 
big iiy effu ng lipid me< 1 1 or DN \ t, i 1 . rocet urc Proc. A icad. S S ' 
1987;84:7413-741 7], a plethora of canonic lipids have been synthesized. Basically, all the 
canonic lipids are amphipathic compounds that contain a hydrophobic domain, a spacer, and 
13 
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pijsltSvely-chargec mi > »ns sud 

as fatty acids derived from oleic or myristic acid. The hydrocarbon chains are often. joined 
either by ether or ester bonds to a spacer such, a* glycerol, v u m a u\ amines otter: compose 
die canonic groups. Usually, she cationic lipids are mixed with i fltsogemc lipid such as 
DOPE (dioicoyi phosphatidyl ethanoiammet to form liposomes. The mixtures are mixed in 
chloroform that is ihen dried. Water is added so the dried lipid film and unilamellar liposomes 
form during sonication. Multilamellar caiionic liposomes arid cationic Jiposornes/DNA 
complexes prepared by the reverse-phase evaporation method have also been used for 
trans! ee oorr Canonic liposomes have also ixtcn prepared by an ethanol injection technique. 

Several cationic lipids contain a spermine group for binding to DNA. DOSPA. the 
canonic lipid within the ],.ipo!eets\Mf\'p fotrnttlation (Life Technologies) contains a 
spermine linked via a amide bond and ethyl group to a tnmeihyh quaternary amine [Hawiey- 
Nelson. P. Ctcearone, V and .lessee. J. Lipoieetamine reagent: A new. higher efficiency 

nst in gent. Fo us 1993 5 73 79 J \ 1 ei eh _i • ,. f 
synthesized a series of cationic lipids such as DOGS fdiociadecylglycinespermine) that 
contain spermine [Remy. AS, Shim, C, Vierlmg, P, et ai Gene transfer with a series of 
lipophilic DNA-binding motecnies. Bioconjiigqte Chem. 1994:5:647-654). DNA has also 
been aransfected by lipophilic polylysines which contain dipalmqtoyisucemylgj yeerol 
chemically-bonded to low molecular weight { -3000 MVv i pAylvsine [Zhou, X, Kilbanov, A. 
and Huang, L. Lipophilic polylysines. mediate efficient DNA transection in mammalian 
cells. Btockim Biophyx. Acta 1991; 1065:8- 14. Zhou. X and Huang. L. DNA transaction 
mediated by cationic liposomes containing Sioopoh lysine: Characterization and rnccharfism 
of action, Biodtitn. Bhphys Arm 1994:1 195-205 ; 

Other studies have used adjuvants with the cationic liposomes. Transf'ection 
efficiency mto Cos cells was increased when amphiphihc peptides derived from influenza 
vtrus hernagghitimx; were added n DOTAlA DOS 1 ! liposomes h rnafa hi. Yagisawa. II 
Tak.ahashi. S, et al. Amphiphihc peptides enhance she efficiency of liposome-mediated DNA 
tmnstcenon y v h „s O io ; :: 5A ^ -~\ \ etmnn hmd- haw been combined .with 

galactose ligands for targeting to the hepatoeyte asiaioglycoprotci n reveptor [Keroy, J-S, 
kn hk , . \ Mordvifiov, \ et al Targeted gene transfer a k hepatoma cells with 
hpopihyamme-vondeased DNA particles presenting galactose hgands: A stage toward 
artificial viruses. Proc. AAA. Acad Set, USA 1995:92: 1 744-1748]. Thtol-reaedve 

1 iso been inco! >• s h eoabl 
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cellular binding even when she e charge of She complex, is no? positive fixiehier. A, Remy, 
J-S. Boussifi O. et a! Efficient gene delivery with neutral complexes of hpospermme and 

dependent template ptoccss converted thiol -containing detergent possessing high critical 
s micelle concentration into dimeric bp:ul-iike molecule wjih apparently low water solubility 
tJP Behrand colleagues?. 

Cationk- liposomes may deliver ON A either directly across the plasma membrane or 
via the ertdosome compartment. .Regardless of us exact entry point, much of the DNA within 
cat«>oic liposomes docs accumulate u the endosome compartment Several approaches have 

it) been n est ted o pi et 4 n e DN * n je e» >som 1 ( npaitmenf In 

protecting ti From hydfolyfie digestion within the endosomes or enabling its escape from 
endosomes into tire cytoplasm. They include the use of aeidotroptc fiysornonophtei, weak 
,uonn saJ -Jwnvm itut oiCMnnahK pte\ m As , k t o >\ inhibit tog 
autosomal acidification [Legendre, J. & Szoka, F. Delivery of plasm id DMA into 

15 mammalian eel! lines using phl-scnsmve liposomes; Comparison with cattonie liposomes. 

included to disrupt emkwomes or promote fusion ofiiposomes with endosomes. and facilitate 
release of DNA info the cytoplasm [Kamata, H., Yagisawa, 11, Takahasht, S. & Hirata, H. 
Amphophilic pep ides enhance MN * transfectton. 

20 Nuclei k is. I 22, 53* i >94) V\ upx 1 Cut D o ( ttet M D liver o 
drugs > r -A tJ od gene into cells usin trai fcrrt! i ligand lot t a-medtated 
endocytosiS. Advanced Drug Deliver Reviews .14, 113- 135 i 199411. 

mi ikJ 1 Aon i Aiw uo h ; ; it ii ! i 1 k t < m n pt it i > K 

more versatile liposomes fhat exploit the cndosomal acidification to promote fusion with 

25 ■endosemal membranes Such an approach is best exemplified by anionic, pB -sensitive 
hposort that b bit! 1 nh r fit t ot embrane at 

acidic pH IDucguneS: A., Smmbmgoo R.M. Baldwin. P. .A. A fApahadjopoulos. D. A/A 
seitaWw? liposomes, (eds Wdsehub. j. & Hoekstra. D.j p. ? 1 3-730 (Marcel Deker INC. 
991)] \ of the noes. pHwensative inoson h e utilised pho f tanoiamhu 

)u (PE) hiiayers that are stabilized at non-acidie pH by the addition of lipids that contain a 
carboxyhc acid group. Liposomes containing only PL are prone to the inverted hexagonal 
phase (H]}j. in pH-senstttve. anionic liposomes, the oarhoxyhc acid's negative charge 
increases the ssc.e of the lipid head group at pH greater than the earhosyhe acid's pK and 
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J . >' 1 I ! v.1 >, < i ' t f i'„ h 

uncharged or reduced charge species is unable to stabilize the phosplutodylethanolanrine-rich 
I i knot \ t i!u I jsosO'iv- l\ -s o i i -k t i i uu inn n n f 

i H.) i. I 1 (Jit if \ It > 1 till I'UmII^ dll nillMM ffiNTOv 

5 prevents them {rum efficiently taking up DMA and interacting with ceils, thus decreasing 
their utility for umsfection. We have described die use of canonic, pH-sensitive liposomes to 
mediate the efficient transfer of .DNA into a variety of cells iii culture U.S. 08/530.598, and 
U.S. 09,020.566. 

to IStM _«Jj>d_> ns o hg^nj t< t f > tj = \ A (. IKinu' 

Polymers that pH-sensim re bunt soiid application in the it of drug 
delivers exploiting various physiological and intracellular pH gradients for the purpose of 
controlled release of drugs (both low molecular weigh? and polymeric). pH sensitivity car; he 
broadly defined as any change in poiyuiefs physico-chemical properties over certain range of 

IS pH Mor i ov lefu ' o n eh igc in L m I in i bilu r e n 

(release) a bioactive substance (drug) in. a physiologically tolerated pH range (usually pH 5.5 
- 8). pH-sensitivity presumes the presence of iorttzable groups in the polymer (poiyion). Ah 
poiyions can be divided into three categories based on their ability to donate or accept 
proton*! tn so o s > ] ! i i i hoiytes. Use pi oH se isii e 

20 poiyacids in drug delivers applications usually relies on their ability to become soluble with 
the >H itKCv. ul. s v a i t to i n tpi i t Hi ]\>h met i dun ! 
pH or undergo i i ivy balance Combinations o! 

ad three above factors are also possible. 

v > r N ( p > "! i i 1 1 1 1 f it s I O 1 \f t 1 rc b VI 5 

25 pohmers \\h\ is hnHi ! > lw \ pii Pun idt xolohd >. if higho pli ;otk\ re 
used as enteric coatings designed to dissolve at higher intestinal pH (Z flu ef: al. J. Drug 
Target., 7. 223, 1999). A typical example of p.H-depenclent completion is copolymers of 
pop cr Lit o i thCe .>oL"hI >u f >mi t ra ' m < nous >} ra i m< 
hydrogeis which exhibit pH-dependent swelling and drug release if Madsen et al, 

30 BfoinateriaK. 20. Poy 1999). 'Isun phob <.J v -modi'k ' '\-asoprr>pyiaeiyiannde- 
methacryhc acid copolymer can render regular egg PC liposomes pli-sensitivc by pfl- 
dependei ei oi i iltpi n m s uh hot bslayc-t <0 \feu-r et j H-'BS 
1 t t. i u tM 1 * tuners ith 91 ne k i iiu js I et er>he<K I 
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l disrupters fo ytopiasmi rug d , y i iurthy, N., Rohichaud, 



, P.S., Boffmar 
irid broad appin 



can he used as endoson 
J.R., TirreH, D.A. ( Stay 
Polybases have 
rcansfecuon/gene therapy applications due to the fa 
A typical example is poiycthylcmmine <PE1). This 
adsorption on the cell surface followed by enddcyb 
release of the nucleic acid occurs presumably via ti 
according to which pH-sensitivity of PHI is respon: 
swelling during its acidification (O Boussif et al P 
Canonic acryiates possess she similar activity (for . 
methacrylate) (P van tie W out mg et al. J. Control!* 
polybases due to their poiycauona: nature pH-scnsi 
vivo application so far, due to their acute 



i. Controlled Release 61, 



.te readily interact with polyackls, 
secures nucleic acid electrostatic 
ie whole complex. Cytoplasmic 
led "proton sponge" effect 
endosome rupture due to osmotic 
. Acad, Sci. USA 92, 7297, 1995), 
* y-((2-dimeth; iammo eihj 1 
>e 64, 193, 2000). However, 
/bases have not found broad in 
e toxicity in vivo i 1H Senior, Btochirti 
Biopbys. Acta, 1070, 173. 1991). Milder polybases (for example, linear PD) are better 
tolerated met t i usei systeinieally for < \ igei r mk D Got rta Get herapv 
5, 712, !99Hi. 



' " ' Di»ruptioi 

Many biologically active, ompe hat ed compounds, are 

30 incapable of ero ioi t tie order for « ompoonds to ntcr cells they 

1 i i i } the cells via endocytos into neiosotm o there must i 
disruption of the cellular membrane to allow the compound to cross. In the ease of 
endosmnai entry the ?n< >sotna t at nmi t hsrup ! to allov for the entrance of Uk 
compound in the entenor of the cell. Therefore, either entry pathway into the cell requires a 
25 disruption of the cellular membrane. There exist compounds termed membrane active 

compound t t m rane One cat magine tl t if the n live agent were 

stpemm.c in a i.eit no lime «ou pLue u w >utd h >.d,!;.fe tK tmm'wrt rf the btoiogienh „temm 
compound across the biological membrane. The control of when and where the membrane 
active compound is active is crucial to effective transport. If the membrane active compound 
JO is too act eor acih it d vvong time, tl no transport >ccm >r u nsport soc itc 
with veil ri [ t s ret 1! dt \ mt has evolve* rious strategies to a la fo 
membrane transport of biologically active compounds including membrane fusion and the 
use membrane active compounds whose activity is modulated such thai activity assists 
transport without toxicity. Many Siptd-based transport formulations rely on membrane fusion 
11: 
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and some ..membrane active peptides vt,s s mo< dated by >■>}! in ximcular > ra 
proteins arc: oft«n pH-sensitive, inactive as neutral or basic pH and active under the acidic 
conditions found in the cndosoroe. 

5 Small M . i sea j _ i__ V. vis 

A cellular transport step thai has attracted attention for gene transfer is that of DMA 
release from intracellular compartment such t uid-' >nus < i and late r, lysosomes, 
phagosomes, vesicle, endoplasmic reticulum, goigt apparatus., trans golgi network (7GN), 
and sarcoplasmic reticulum. Release includes movement out of an intracellular compartment 

t{> fit* ytopl tsm i 1 > t e sue ucleus. A number ot\ t such 

chiortKtUiru. u \ i > Htcldun M (aui t t t r n > n f in 

of molecules through intracellular pathways. Chkmxruine decreases the acidification of the 
endosomnl and lysosomal compartments bra also affects other cellular firoctjoris. Brefeidirt A, 
an isoprenoKl fungal mctaboiite. collapses teve.rsibiy the Golgi apparatus info the 

is endoplasmic reticulum and the early endosomal compartment into the traos-Goigi network 
(TGN) to form tubules Bafilomycm Aj, a macrolide antibiotic is a more specific inhibitor of 
endosomal acidifsc-aiion and vacuolar type H f -ATPase than chioroqutne. 

jr I ! j d ' ' t nj 1 1 i ^ i It t 

20 Viruses such as adenovirus have been used to induce gene release horn cndosoinc.s or 

other intntceliu.br compartments 10. Curici, Agarwah S.. Wagner. Id, and Gotten. M. PNAS 
&8 8850. Rhu so virus has also beet) used for this purpose (W. Zattner el ah i. Virology 

69:1085-92, 1995). Viral components such as influenza virus hemagglutinin sub-unit HA.-2 
analogs has also beeti used to induce endosomal release iE. Wagner et ah PNAS 89:7934, 
25 1992). Arnphipathic peptides resembling the N-termimd H.A-2 sequence has been srudted (K. 
MecMer and E. Wagner, New J Chem. 2 1 : 105- d 1 1 , 1997 1, Parts of the pseudotanonas 
exotoxin and dipthcria toxin have also been used for drug delivery th Pastart and D. 
FitzGeraid. I Biol Chem. 264:15157. 1989). 

A variety of synthetic amphtpathic peptides have been used to enhance trausfecuoo of 
30 genes (N. Olsmori et ah Biochern Biophys, Res. Commum 235:726, 1997). The ER-retammg 
signal (KDEL sequence) has been proposed to enhance delivery ro the endoplasmic reticulum 
and prevent delivery to lysosomes tS. Seetharam et ah j. Bio! Chem. 266 17376. !99if 
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Nucleic a nd gene delivery a ivoi xi em o s s ol 

within organisms as a factor rn deliverin» a polynucleotide to a cell. Different pathways thai 

i if] ted h pH i i i t in c i port i t u s 1 

<., 'uijioi H do f i n, I «is m> i ! is v t b r i\\t < Kx sosx ti 1 
can be useful in gene therapy research involve ionic gradients that are related to cells. For 
example, both Na : rax! K have large concentration gradients that exisi across the cell 
nicmbrim. Swem cum in i 1 i 1 > > u nn j dt v m a v.nns o milu tu 
deHvt < dhi poiy nueie «id< u cell < ' uig s ix the osmoi < pre »ure in the endf some dso 
have been used to disrupt membranes and allow for transport across membrane layer. 
Buffering of the endosomc pi! may cause these changes ut osmotic pressure. For example, 
the "proton sponge" effect ofPE! (O Boussifet ah Proe. Natl. Acad. Sci. USA 92. 7297, 
1995} and certain poiyamons < Munhy. N.. Robiehaiuf LP,.. Tine!!. D A.. Stayton, P.S.. 
Ho inn asp A.S Journal ot'Controiled Release 1999. 0/, 13?) see posioiatcd to cause an 
increase in the ionic strength inside of the endosome, which causes a increase in osmotic 
pressure. This pressure increase results in membrane disruption and release of the eoirtems of 
the ctxiosome. 

In addition to pH and other ionic gradients, there exist other difference in the 
chemical environment associated with cellular activities thai may be used in gene delivery. 
In particular enzymatic activity both extra and imraceliuiarly may be used to deliver the gene 
of interest either by aiding in the delivery to the cell or escape from intracellular 
compartments. Proteases, found in serum, iy sosornc and cytoplasm, may be used to disrupt 
the panicle and allow its interaction wish the cell surface or cause it fracture the intracellular 
compartment e.g. etxiosome or iysosornc. allowing the gene to he released imraeeihbarlv. 

SUMMARY OF THE INVENTION 

The invention relates to noneovaiem amphtpinle binding systems for use in biologic systems. 
M it, p a en c 1 h ■> il il h , t j s o ; oub its n amph.pbiSc-bt dine agents are 
utilized in the deli very of molecules, polymers, nucleic acids and genes to cells. 

Dose fact s i > efero i m dn lent roec ro a m » n expres » >rodut1 >v 
delivering a polynucleotide to a eeli. comprising the step of associating an amphipfnie 
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binding agent, an amphiphile, and a polynucleotide to form a complex. Then, delivering the 
complex, to She eel! and expressing Site polynucleotide in the ceil. 

in anothu paten t i \ 

in a mammal, comprising an amphiphiic binding agent, an amphiphile, and DNA in complex 

Another pre ' i em >dimem is process, for ei aimns us expression product h i v, 
comprising torrnmg a complex with a eyclociexlnn. an arnphtphbe and a polynucleotide. 
Then, delivering the complex to a ceil in a mamxnai which expresses die polynucleotide. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description provides exemplars embeoTnienp: of the .systems, 
compositions, and methods of the ptesenf invention. These embodiments include a variety of 
systems that have been demonstrated as effective delivery systems. The invention is not 
in > these p ru it «ix>! m t 

Cyciodexinn sBiictitre and binding properties 

Cyclodextrim are naturally occurring cyclic oligomers of glucose in 1-4 a linkages (structure 
1). 




Cyciodextrtn composed of six glucose units (V=6) is called a-cyckxiextrin. ? units is called 
P-cyciodextnty and 8 is called v-eyclodextrin. The cyclic structure is totroidal in shape with 
the center of the torroni relatively oonpoiar compared to water. For this reason, eyciodextnm 
v tit i an nonpolar seem of mph lathtc » poo dso ki > s rophiphili 
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compounds or amphiphiles, m water. Amphiphiles are compounds thai contain both 

' f ro >bic fanctionaJ groups examples include lipids, a< bgiyceroi 
sterols, polyethyienegiyeo'l, and ammo acids. Hydrophdtc groups indicate m qualitative terms 
thai the chemical moiety is water-preferring Typically, such chemical groups are water 

5 soluble, and are hydrogen bond donors or acceptors with water. Examples of hydrophiise 
groups include compounds with the following chemical moieties; carbohydrates, 
pniyoxy ethylene, peptides, oligonucleotides and groups containing amines, amides, alkoxy 
amides. ia h so h acids, sulfurs. or > do \h ih^n nfo fo n t > wu m qualitative 
terms that die chemical moiety is water-avoiding Typically, seen chemical groups are no; 

id water soluble, and tend not to hydrogen bonds Hydrocarbons are hydrophobic groups. 
Amphipathic compounds bound by cyclodcstrins include hydrophobic ammo acids tea. 
leucine and phenylalanine), surfactants (e.g. sodium dodecyisalfate and Triton X - 1 00). ami 
lipids {e.g. palmitic acid). The strength of the interaction between cyekxiextrm and an 
amphiphihe compound depends on the si*e of both the hydrophobic part of the amphspinie 

:5 and the cyclodcxnm. for example, o-cyelodextrsn will bind linear alkyi chains, but no! 
branched tertiary alky! groups, which are bound by 8-cyeiodexirin (Stella, V.J., Rajewski, 
R.A. Pkarm. Res. 1997, 14, 556. Stella, V.J., Rao, V,M„ Zannov, E.A., Zia, V. Adv. Drug 
Del Rev. 1999, 36, 3,}. 



20 Nu ■% g ionic dpich 

There are many nonviral nucleic acid complexes that have beets shown to aid in delivery of 
DMA into ceils. Nucieic acid includes DNA (piasmid DNA, andsense, oligonucleotides) and 
RNA fribozyraes, oligonucleotides, artificial messenger RN Ah In general, these nonviral 
complexes may be grouped into two classes: ealionic lipid complexes ( lipoplexes) and 

25 cationii >o mer tpoiypiesx t compi s. in eul > ,s i sol tnionic DNA i s implexed 
with a cation, in Imoplexes. the cations are associated noncovalentiy by hydrophobic lipid- 
lipid interactions to form a po.iyeation. In polymer complexes- the positive charges are 
attached covalenily to form a poly-cation. 'Nucleic acids are delivered to ceils for the purpose 
of gene therapy and antisense therapy. 



Nucleic .Acid s Comp lexes Containing. Cvciodcxfons 

As mentioned previously, cycJodextrins form complexes with amphipatme molecules 
thai may be positively or negatively charged. Therefore, a polymer composed of 
21 
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CycicdeX i pOlyiOl iMwl H.iK <. v. vvj '-KUki 

s i] , ssoeiatioB bctucv < i n >o« 
cyclodextrins and a canonic amphipbile will res-uli in a poiyeation that may interact with 
DNA. hi a preferred embodiment, a cyclodextrin-comammg polymer;; are constructed by 
> reacting cycindcxinn with epichiorohydrm under alkaline conditions to produce cydodextrio- 
epscblorohydrin copolymer. This eydodexlrm- epichiorohvdrin copolymer: compacts pDNA 
upon addition of cations such m Uadamantanamine or i-dodecylamme. The complex of 
cyclodextrm-cpicbiorohydxio copolymer and t-adamamaoammc or I -dodccylamine is a 
cationic noncovaient amphophilic poiyelectroiyte, which is capable of condensing DNA. in 
!0 addition, canonic arnphiphiies that are polymers, that are bound to monomelic or polymeric 
arnphiphile binding agents may he used to compact DNA. Such DNA-comammg complexes 
mav he used for trandeetion of cells. 

Amphiphite binding agents 'nay also be used to create anionic noncovaient 

IS amphophilic polydectroiytes. Association between a polymer composed of cyciodextrins and 
an anionic amphiphile will result in a poiyamon that will interact with a positively-charged 
DNA-poIycation complex, i.e. "recharge" (he DNA complex. In a preferred embodiment, the 
complex between cydodcxtrin- epichiorohydrm copolymer and 4-t-botylbenzok acid, to 
farm an anionic noncovaient amphophilic poiyeleetrolyte, was added to particles of DNA and 

?.o poly-L -lysine The resulting panicles were found to transfect cells in vitro, in addition. 

anionic arnphiphiies that arc polymers that are bound to monomeric or polymeric amphipbile 
binding agents rnay be used to "recharge" DNA par; teles, for example, succmyfolcoylpoly- 
L-!ysinc is an anionic polymeric amphiphite which complexes with the amphipbile binding 
agent > v\Jt U n m dh n di mc- i i p< h 1 K -..nc condensed DNA panicle. 

25 The addition of the cyciodextnn increased the transfeaioo of rhe recharged panicle 33 fold 
over recharged panicle in the absence of cyclodextrin. 

Not only is the cyclodextrin the basis for the DNA-polyion interaction, but 
< u N f b ^ p< i ilN i) > t S > uli i 

from standard poiyiims. In contrast to standard poiytons. the polyions derived from 

.W eyekniexmno:oruammg polymers ana charged arnphiphiies are reversible. The existence of 
the poiyion is dependent upon th concentration < + d < ciodextrimco* t > 
the charged amphiphite. such that the disruption of the poly ion maybe trigger by simple 
dilution of either cyclodextrin or charged amphiphile. 
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Monomeric oyclodextrms may also be incorporate into nucleic acid complexes by 
association w ; * > in a DNA con pk s j this ca e the cyclodex rim a j 

noMtv ba»s or xht >N A- ecnolyt met on »titi > used < ci tnge the p«>| rtt s 
of the DNA-eiectroiyu- complex, e.g. stability or surface charge. The addition of 
5 cyciodex rin into a DN.A i 

particle. HydrophiHc molecules (e.g. PEG.) have been shown !o increase solubility of DNA 
partk kx do o i fl mfat charge i ihi eh tncrcaj.e then mil ( \ clodexfrms have 
the ability to bind to other nonionic hydropluhc moiecaies such as PEG Therefore, addition 
of PEG to a cyclodextrin-containing DNA particle will result in PKTparticlc interactions; 

m winch may confer the particle with added stability. Unlike oilier examples of PEG 

stabilization of DNA panicles, the interaction between DNA par) ids and PEG is transient 
and may release under dilute, delivery conditions. The rate at winch the PEG may be 
released may be altered by the number of PEG molecules incorporated, the nurobet of 
eyclodextrins. and the incorporation of PEG derivatives with strong cyckxiextrin binding 

IS regions (e.g. /o:>et:y.lpbenyl group of Triton X-IGO). In a preferred embodiment, addition of 
the PEG-deuved detergent Triton X-KK) to particles of DNA and poSy-Ldysine-suceinyt-p- 
cyclodextrin resulted in panicles that were more stable than panicles without addition of the 
TntonXGOO. 

Likewise, ceil targeting hgamis aid in transport to a cell but may not be necessary „ and 
20 may jnhi bit. transport into a cell. In all of these cases, the reversible attachment of the 
interaction modifier, through a labile bond, would be beneficial. 

The present invention provides for the transfer of polynucleotides, and other 
biologically active compounds into cells m culture ('also known as Ac vitro'). Compounds or 

2s kits for die transfecooii of cells in ctdture is commonly sold as 'dransiecuon reagents" or 
'"transfeetion kits". The present invention also provides for the transfer of polynucleotides, 
and biologically active compounds into cells within tissues in situ and in vivo, and delivered 
intravascular? (VS. patent application serial number 08/571.536). intrarterialiy, intravenous, 
orally, iatraduodenaiy, a the iciunum > ileum < colon), rcually. n v " , 

50 su . c pjecttons into 

irssues such as the liver, lung, heart, muscle, spleen, pancreas, brain (including 
tnir vemnuiLu > spin cord t m mi i tea idipos ssues 

ihryoid tissue, adrenal glands, kidneys, prostate, blood cells, bone marrow cells, cancer cells, 
tumors, eye retina, via the bile duct, or via mucosal membranes such as in the mouth, nose. 
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throat, vagina or rectum or into ducts of the salivary or other exocrine glands. Compounds for 
the transfection of cells in vivo in s whole organism can be sold as •*/« vivo trans feci ton 
!Oi mii i in k n Kit- ut tint v ti j i in ng 

5 Definitions 

To facilitate an undemanding of the present invention, a manner of terms and phrases 
are defined below: 

Amphiphiie Binding Agent 

10 Amphiphiie binding agents are compounds wish molecular weight i .300 or less that 

bind through a noncovatent interaction ampfuphilic compounds in water. The basis for this 
interaction is contact between hydrophobic portions of the amphiph.de with hydrophobic 
portions of the amphiphiie binding agent In particular on b ana y-eyciodextrms. and then 
derivatives, are amphiphiie binding agems, 

15 

Polymeric Amphiphiie Binding Agent 

Polyermie amphiphiie binding seen; is a polymer composed of monomers that are 
amphiphiie binding agents. 

30 NoHCOvakmt Amphophilic Electrolytes 

Noncovaies iec ! 1 re items eompo ed of tmphiphile 

binding agents and charged ampbuphdas. vvbich are bound b\ tin ampiuphiic binding agents. 
The interaction between charged asnphnphde and polymer results in a complex that has a 
differen! charge than the amphiphiie binding agent clone. The amphiphtfe binding ageni may 
25 b , txt) t >.c 1 r v i u v i a 1 I |mi i i cifi vi > i , i ,i| 1 I j 1 
charge of tbe oinplex is di crens than the mphiphil >t»di 1 ent it". 

Biologically active compound 

biologic cl compou 1 compound havi t p t 1 1 ' t i 
30 btoiogk eomponen M< pani rl biological ctive compounds utilized i thi 
specification are designed to chutige l.hi natural proeesst is > <t < sviti ii h \ 11 Fo 
purposes of tins specification, a cellular natural process u; a process that is associated with a 
eeh before delivery of a biologically active compound. In this specification, the cellular 
production of, or inhibition of a material, such as a protein, caused by a human assisting a 
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mo! Ue to an ' viv«ee)i is an exam; >f a delta > > >< iciive compount 

P! ion. o t „ tS or iiui ■> i' '\ t i' n -oie srhs ntor\ homion^s wtokmcs 

tigens, virus;; 1 > u i a m T n c nods ai ex; npiesofbioh i it 
active compounds. 

Peptide and Polypeptide 

Peptide and polypeptide refer so a scries of amino acid residue*, more that? two, 
connected to one another by amide bonds between the beta or alpha-ammo group and 
c Jib coot no acid result he arm i f 1 n t j! 

oceti in o) vni en !' i p it n e> protean i peptides, n difset proti > ami 
peptides, and non-natural proteins and peptides. Enzymes- are protest)* evolved by the cells of 
living oryamsms for the specific function oi catalyzing chemical reactions. A chemical 
reaction is defined as the formation or cleavage of covalent or ionic bonds. Btcactrve 
compounds may be used interchangeably with biologically active compound for purposes of 
this application. 

Cyciodextrin 

Acyclic _ *pyranose. 

Delivery t*f Biologically active compound 

The delivery of a biokygK • i known as ''drug 



of the ceil. 

P jret tea >j rot tes of nit i aei ra ilai i intravenous, inn tarterial) 
int tm t t ii ut i n > h m it o i subutuneouv urn stumor 

intraperitoneal intrathecal, subdural, epidural and intra! ymphatic injections that use a 
syrit ge sue ) need! o ithefes us mtravascu r rouit or tdmiru tea >ics a poiymei 
or polynucleotide to be delivered to cells more evenly distributed and more efficiently 
expressed than direct injections. Intravascular herein means within a tubular structure called a 
vessel that is connected to 3 tissue or organ within the body. Within the cavity of t he tubular 
M uvtuK ( flows to or from bosh part Example ■ < t eh 

blood, cerebrospinal fluid (('Si-'), bmphatsc tint; .» ink t vennies of vessels m iucie 
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arteries, arterioles, capillaries, venules., sinusoids, veins,, lymphatics, and bile duels The 
intravascular route includes delivery through the blood vessels such as an artery or a vein. At; 
administration route involving the mucosal membranes, is meant so include nasal, bronchial, 
inhalation into the lungs, or via the eyes. Other routes of administration include 
5 ntraparenchyrnai into ues s muscle tit > - rf. live » an< ha > 
liansdcnnal routes of administration have been effected by peaches and iomrtophoretd?. 
Other epithelial routes include oral, nasal, respiratory, and vaginal routes of administration. 
Delivery System 

IN r > tn i 1 til f , . , n t t v k 

io delivered. Thai is 1 > pt t i i ,. tan the biologically active compound itself, t t> are 
required tor delivery and all procedures required for delivery including the form (such 

1 it 1 J I h i ! fi f itWOil tluV of ...i i-.fi t ts J s i 

limned to era; or subcutaneous methods of del-very). 
15 Nucleic Acid 

The term "nucleic acid" is a team of art that refers: to a polymer containing at baa; two 
nucleotides. "Nucleotides" contain a sugar deoxynbose (DNA> or nbose (RNA), a base, and a 
phosphate group. Nucleotide* are linked together through the phosphate croups. "Bases" 
include purines and pyrinmiines, which further include natural compounds adenine, thymine. 

20 guanine, eylosme, uracil, mosaic, and natural analogs, and synthetic derivatives of purines 
and pyrimidines. which include, but are not limited to, modifications which place new 
reactive groups such as. hut not limited to, amines, alcohols, thiols, carboxylates, and 
aikylhahdes. Nucleotides are the rnonotnenc units of nucleic acid polymers, A 
"polynucleotide" is distinguished here from an "oligonucleotide" by containing more than 80 

:s monomcric units: oligonucleotides contain from 2 to 80 nucleotides. The term nuclei acid 
includes deoxyribonucleic acid (DNA) and ribonucleic acid CRN A) The icon encompasses 
sequences thai include any of hie known base analogs of .ON. A and RNA including, but not 
limited to, b-acctyicyiosinc, 8TydrexyT\o-methyiaaenos;ne. cautadircsbytosme, 
pseudoisoeytos-ne. 5-( carboxyhydroxy Inrethy i i uracil. 5-iluornuracil. 5-bromouracil. 5- 

36 carboxymethyiaminometby! 2 ibiooracd - c sr boxy methy lami nometbyloraci i, dihydrooraci I, 
tnosine, Nb-:isopenteoy!?.denine. 1 -methyladenme, ! -methyipseu ciouracil I-methylguamiKg 
l-mcthylmosine. 2,2-ditnethyigua.ninc, 2-methySademiKu 2-rncthyiguarane, 3-meihyicyiosme. 
5-methylcytosine, N'6-merhykdenme, ?-methyiguanine, 5-oieihylammomethyiuracil, 5- 
raethoxyaminomethyl"2-ihio\iracil, heta-D-matmosylqneostnc, 
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S^methoxycarbonyimeihyiuracil, 5-methoxyuracd. "iu" itimi >i u, i h >Ik 
uracil-5~oxyacetic acid methyiestet. uracil- 5 -oxvaeetic sou; oxybntoxostne, pscudeuraeil. 
uueoone, 2-thkseytos.ine, S-methyf-2-thiouratih 2-thiouractK -'Sio.:* , S-marbyuiracil N 
raei -os cetti tcid methyiestet raeihS-oxyacetic act 'mu\- r , queosme 2 
5 thiocymsme. and 2 em ,e- u\c-unne 

DNA may be in the form of anti-sense, plastmd DNA, parts of a piasmid DNA. 
product of a polymerase chain reaction tPCR}, vectors (PI . PAC BAG. VAC; artificial 
chromosomes.?, expression cassettes, chimeric sequences, chromosomal DNA. or derivatives 
of these group RN ma> e in the form o >h n de .RNA RNA (transfer RNA) 
10 snRNA (small nuclear RNA k rRNA (ribosomal RNA y mRNA (messenger RNA), anti-sense 
P,\ \ io)'\hi s chimeric - an t s or derivatives of these moup,-. 

\n*t s it is i > t u >t ill' v u h tt it i>\\ liid.ot 
RNA. This may result in suppression of expression. Natural nucleic acids have a phosphate 
>aekb it ! i t i ) ! i > tt t p lit les 

IS include PNA* (peptide nucleic acids), phosphothtoaates, and othet variants of the phosphate 
backbone of native nucleic acids, in addition, DNA and RNA may be single, double, triple, 
or quadruple stranded, 

The term "recombinant DNA molecule" as used he rem refers to a DNA molecule {hat 
is comprised of segments of DNA joined together by means of molecular biological 
20 teclmiques. "Exprcssum cassette" refers to a natural or rceomhinantly produced 

•polynucleotide molecule that is capable of expressing protem(s). A DNA expression cassette 
t> >icalJ nciudt >m ter sallow hiatton) i uen tcoding on 

r more proteins. Opt iona t I k o i t tt it it 

non-coding sequences, splicing signals, tran.se riptiou termination signals, and 
2S polyac i fx j j f eludes a transiano 

ir thai on codon {allow ion mitiatiot id a sequence encoding one < more 

proteins. Optionally, the expression cassette may include translation termination signals, a 
polyadenosme sequence, interna! nbosome entry sues flRFSt, and non-codtng sequences. 
A nucleic acta can be used to modify the genomic or extraehromosomai DNA 
so sequences. This eat) be achieved by delivering a nucleic actd that is expressed. Alternatively, 
the nucleic acid can effect a change in (he DNA or RNA sequence of the target cell. This can 
be achieved b> on reeombi atton gene cor ersi i .t >thei yet i< be described 

mechanisms. 
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Gene 

The tern? "gene" refers to a nuefeic acid te go DN A i sequence thai comprises coding 
^viiiin sa ford >rodaction ofap 5 tid prec 1 myosi n 

chain). The polypeptide can be encoded by a full length coding sequence or by any portion 
oft! coding icq i to? is the desired tivif ^ t '.it >p ties (< r ymabc 

activity, iigand binding, signal transduction, etc.* of the fulbdength or fragmem ate retained. 
The term also encompasses the coding region of a structural gene and the including 
sequences located adjacent to the coding region on both the 5 : and 3' ends for a distance of 
about 3 fcb or more on either end scab thai the acne corresponds to the length of the full- 
length mRNA. The sequences that are located 5' of the coding region and which are present 
on die mRNA are reteaed to as; >' non-translated sequences The sequences that are located 
3 ! or downstream of the coding region and which arc present or; tire mRNA ate referred so as 
3' non-translated sequences. The term "gene" encompasses both eDN A and genomic forms 
of a get \ cnorn form t r i gene ex sins the eodut re ot merrupted I 
non-coding sequences leaned "moons" or "intervening regions" or "intervening sequences." 
lotions ate segments of a gene which arc transcribed rate nuclear RNA (hnRNA): introns 
may contain regulatory elements such as enhancers, in trans are removed or "spliced out" 
from the nuclear or primary transcript; nitrons therefore are absent in the messenger RNA 
(mRNA} transcript. The mRNA functions during translation io specify the sequence or order 
of amino adds in a nascent polypeptide 

As used herein, the terms "nucleic acid molecule encoding." "DNA sequence 
encoding." and "DNA encoding" refer to the order or sequence of dcoxynbonucleotides along 
1 strand of deoxyxibom Sea c J I irder of the xk ri meleot iercrmmes tt 
otxk n mi no ids an > pod tpi u f t The DNA sex thu d 

for the ammo acid sequence. 

As used herem, the terms "an oligonucleotide having 3 rascieotide seqxience encothng 
a gene" and "polynucleotide having a nucleotide seqxience encoding a gene." means a nucleic 
icid sequence com pi > ot x t 1 t \ x tl 1 nux lea ci< 

nc( which encodes a gene pro tics 1 te nit t aion n p be >res< 1 it cither a 
cDNA. genomic DN.A or RNA form. When present its 3 DNA toxin, the oligonucleotide or 
polynucleotide may be single-stranded (i.e., the sense strand.) or double -stranded. Suitable 
control elements si h t omotx sphc , tiot 1 I signals, ei 

may be placed in close proximity to the coding region of the gene if needed to permit proper 
nitta u > « >• tl 1 t anscnj 

28 



WO 01/37665 



PCT/USO0.O2612 



Alternatively, the coding region utilized in the expression vectors of the present invention 
may contain endogenous enhancers promoters, splice junctions, intervening sequences. 

a- if o vt i ! t n i j tiu out ois ^.on rol 

elements. 

5 n ! i i itoi Viit kin o ^ jv <. \ st i v. 

oligonucleotide" or "isolated polynucleotide" refers to a nucleic acid sequence that is 
identified and separated from at leas; one contaminant nuclei t acid oath which it is ordinarily 
associated in its natural source, isolated nucleic ucnl is such present in a form or setting that 
t Ufi rent fron ti hid found in nan In com o is. late< uck 

to nucleic acids such as DNA and RNA fo um 3 j n the state they exist in nature. For example, a 
given DNA sequence (e.g., a gene) is found on the host ceil chromosome in proximity to 
neighboring genes. RN.A sequences, such as a specific mRNA sequence encoding a specific 
protein, arc found in the ceil as s mixture with numerous other mRlNAs that encode a 
multitude of proteins. However, isolated nucleic acid encoding a given protein includes, by 

fs way of example, such nucleic acid in cells ordinarily expressing the given protein where the 
nucleic acid is in a chromosomal location different from that of natural cells, or is otherwise 
flanked by a different nucleic acid sequence than that found in nature The isolated nucleic 
acid, oligonucleotide, or polynucleotide may be present in single- stranded or double-stranded 
form. When an isolated nucleic acid, oligonucleotide or polynucleotide is to he utilized to 

20 express a protein, the oligonucleotide or polynucleotide will contain at a minimum the sense 
or coding strand ( 'i.e., the oligonucleotide or polynucleotide may be single-stranded), but may 
contain both the sense and anti-sense strands {i.e.. the oligonucleotide or polynucleotide may 
be double -stranded}. 

25 Gene Expression 

As used herein, the term "gene expression" refers to the process of converting genetic 
information encoded in a gene into RNA {e.g., mRMA, rRNA, j.RNa. or snRNA) through 
« cripti i if v va m tion oi s.A polymerase), and J 

* > on" of mRNA, < en express on c m x 

30 regulated at many stages in the process, "tip-regulation" or "activation" refers to regulation 
that increases the production of gene expression products ! re . RNA or protein,', while 
"(town-regulation" or "repression" refers to regulation that decrease production. Molecules 
(e.k>.. transcription factors) that are involved in up-reguiation or down-regulation are often 
called "activators" and "repressors," respectively. 
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Delivery of Nucleic Acids 

The process of delivering a polynucleotide to a ceil has been commonly termed 
"transf'ection" ox the process of "iransfectiflg" and also it has been termed VansfbrroatiotrT 
The polynucleotide could be used to produce a change it? a eel; thai can be therapeutic. The 
delivery of polynucleotide* or genetic material her therapeutic and research purposes is 
commonly called "gene therapy". The delivery of nucleic acid can lead to modification of the 
ON A sequence of the target ceil. 

The polynucleotides or genetic materia! being delivered are generally mixed with 
tnmsteetion reagents pnor to dehvery.The terra "transfectinn" as nsed herein refers to the 
rntrodacuon of foreign DNA m.to eakarvooe cells. Transfeetton may be accomplished by a 
variety of means known to the an. including calcium phosphaie-DNA co-precipitation, 
DEAE-dextnm-roedsated mm. she coon, poiyhteoe-mediated uansfectiom electroporatior,, 
mieroiojeciion. liposome fusion, lipofectson. protoplast fusion, retroviral infection, and 
biolistics. 

The tenn "stable transfcetion" or N labSy iransiected" refers to the introduction and 
integration of foreign DNA into the genome of (he iransiected cell. The term "stable 
trans fecrant" refers to a cell which has stably integrated foreign DNA into the genomic DNA, 

The term "transient transection" or "transiently transacted" refers to the introduction 
of foreign DNA into a cell where the foreign DNA fails to integrate into the genome of the 
transtecied ceil. The foreign DNA persists in the nucleus of the tnmsfected ceil for several 
days. During this time the foreign DNA is subject to the regulatory controls thai govern the 

u in \ii ft k t it) 1 , , o n , ttif red' 

to cells which have taken up foreign DNA hot have tailed to integrate this DNA. The term 
"naked polynucleotides" indicates ihat the polynucleotides are not associated with a 
transfeetton reagent or other delivery vehicle that is required for the polynucleotide to he 
delivered to a ceil 

A "transfeetton reagent" or "delivery vehicle" is a compound or compounds that 
btjuiisi to or complexes) with oligonucleotides, polynucleotides, or other desired compounds 
and mediates their entry into cells. Examples of nan si eon or; reagents include, but are not 
limited to. eatiome liposomes; and lipids, poiyammes. calcium phosphate precipitates, foskme 
proteins, polyetbylemmme, and poly.lysine complexes (polyeThyierumme and polylysine are 
both toxic). Typically, when used for the delivery of nucleic acids, the transfeetton reagent 
has a net positive charge that hinds to the polynucleotide's negative charge. For example. 
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cationk lip< >mes m so ! s i i , bie them to 

bind to DNa or RNA. 

Enzyme 

5 Enzyme n a protein thai acts as a catalyst. That is a protein that increases the rate of a 

chemical reaction without itself undergoing any permanent chemical change. The chemical 
reactions that are catalysed by ats eioiyrne arc termed enrvmane reactions and chemical 
reactions that are not are termed nonenzymatic reactions. 

10 Complex 

Two molecules ate i u''iia to mm a complex v.h ) i process calico 
compilation or complex formation, if the are in contact with one another through 
noneowtieut interactions a ' i- electrostatic mtcracuons i a.«vi hooding inters on 
and hydrophobic interactions. 

15 

Modification 

A molecule ts modified, to form a modification through a process called modification, 
by a second molecule if the two become bonded through a covalent bond. That ss. the two 
molecules form a covalent bond between an atom form one molecule and an atom from the 
20 second molecule resulting in the formation of a new single molecule. A chemical covaieni 
bond is an interaction, bond, between two atoms in which there is a sharing of electron 
density. 

Osmosis 

25 Osmosis is he >assagt >1 s so tut i pcrm< bi a uk a ommbt nt 

through which solvent can pass but not ail solutes, separating two solutions of different 
concentrations. There is a tendency for tire separated solutions to become the saute 
concentration as the solvent passes from Sow concentration to high concentration. Osmosis 
will stop when the two solutions become equal in concentration or when pressure is applied 

30 to the solution containing higher concentration. When the higher concentrated solution is in a 
closed system, that ts when system is of constant volume, there is a built! op of pressure as 
the s Ivcntj tssc fi >m ios» iohi.gl com rati t 'up >f pressure is called osmotic 
pressure. 
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A sail is any compound containing ionic bonds, that is bonds m which one or more 
eic tro re transi n cc ptetel from o e rtom > m t a 

Interpoiveiectrolyte Complexes 

An interpofyefectroiy^e complexe is a none-ovate interaction between 
poiyeleetroiytes of opposite charge 

Charge, Polarity, and Sign 

The charge, polarity, or sign of a compound refers to whether or not a compound has 
lost one or more electrons (positive charge, polarity, or sygn; or gamed one or more de-coons 
(r ggato c> i ge p< ! tnt\ 01 s g 

Cell Targeting Signals 

Ceil i getmg signal tea bhreviated Mt ignal) i defm I th.i peciftcation as a 
molecule that modifies u biologically active compounds such as drug or nucleic acid and can 
direct it to a cell location (such as tissue) or location in a cell (such as the nucleus) either in 
culture or in a whole organism By modifying the cellular or tissue location of the foreign 
gene, the function of the biologically active compound can he enhanced. 

The cell targeting signal can be a protein, peptide, lipid, steroid, sugar, carbohydrate, 
(iron- expressing} polynucleic acid or synthetic compound. The eel! targeting signal enhances 
cellular binding to receptors, cytoplasmic transport to she nucleus and nuclear entry or release 
from eixkfsomtes or other intracellular vesicles. 

Nuclear iocat 

of the nucleus and/or its entry into die nucleus. Seel; nuclear transport signals can be a 
protein or a peptide such as the SV40 large 7' ag NT.S or the nucleoplasms M S. These 
nuclear localizing signals interact with a variety of nuclear transport factors such as the NLS 
receptor (karyophemt alpha.! which then interacts with haryopheno beta. 'The nuclear 
transport proteins themselves could also function as NLS w since they are targeted to the 
nuclear pore and nucleus. For example, karyopherm beta itself could target the ON A to the 
nuclear pore complex. Several peptides have been derived from the SV40 T antigen 'These 
include a short NLS (H-CGYGPKKKRKVGG-OHj or long NLS's (H- 
CK.K KSSSDDEATADSOHSTPFKKKRKVEDPKDFPSHLLS-OH and H- 
CKKKWDD I A T.A D S Q II S TP P K K. M< K V i 1 ) P K D i V S I L S-Oid t Other NLS peptides have 
32 



WO 01/37665 



PCTmSOS/32612 



i i i'NDI si 

(H-CKRGPKRPRP-OH). nucleoplasms (H-CKKAVKRPAATKKAGOAKKKKL-OH).axni 
c-mye (I-i-CKKKOPAAKR VK.LD-O.H ;. 

Signals that enhance release from intracellular compartments (releasing signals) can 
cause DNA release from intracellular compartmerns such as endosomes (early and late), 
lysosomes ele endoplasm t i tus trams golgi network 

KjN) c red oil Ref < hides >vement out < n irttraceUuia 

compartment into cytoplasm or into an organelle such as the nucleus. Releasing signals 
include chemicals such as chloroquine. bafilomyem or Bretbkjm A ; and the ER-Tetaining 



signal (K.D1-L sequence), viral e< 
H.A-2 peptides and other types o: 
Cellular receptor signals . 
biologically active compound wi 
binding of the compound to the s 
compartment, for example: ligan 
surface. This includes agents thai 
asiologlycoprotems or galactose 
can be used for targeting, Peptide 
cells. Chemical groups that react 
be used to target many types of e 
Other targeting groups include m 



upon ■ • 



•ueh a 



Inflect 



virus hetnat 



is that enhance endoeyrosis by enhancing binding the cell 
target to the asialogiycoprotein receptor by using 
esidues. Other proteins such as insulin, BGF, or transferrin 
s that include the ROD sequence can be used to target many 
with thiol, stilfhydryl, or disulfide groups on cells can also 
ills. Folate and other vitamins can also be used tor targeting. 
>lecules that interact with membranes such as lipids, fatty 



acids, cholesterol dansyi compounds, and amphotericin derivatives. In addition viral proteins 
could be used to bind cells. 



25 Inieractkm Modifiers 

An interaction modifier changes the way that a molecule intends with itself or othct 
molecules, relative lo molecule containing no interaction modifier. The result of bus 
modification ;s that seff-interactions or interactions with other molecules are either increased 
or decreased. For example cell targeting signals are interne! ion muddlers that change the 
so mteraaion between a molecule and a ceil ©t cellular component. Polyethylene glycol is an 
interaction modifier thai decreases interactions between molecules and themselves and with 
other molecules. 



Reporter or Marker Molecules 
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Reporter or timber molecules are compounds that can be easily detected. Typically 
they are fluorescent compounds such as .fluorescein, rhodarome, Texas red. cy 5, cy 3 or 
dartsyi compounds They can be molecules thai can be detected by infrared, ultraviolet or 
visible spectroscopy or by antibody nuere.etions; nr by electron spin resonance. BiOisn is 
another reporter molecule that can be detected by labeled avidin. Biorin could also be used < 
attach targeting groups. 

Linkages 

An attachment that provides a eovaieot bond or spacer between two other group* 
f J et k noict 1 he hnka r electronic;) m i 1 r tn t posim st 

negative charge. The chemical moieties can be hydrophilie or hydrophobic. Preferreii spacer 
gronps include, but are not limited to Cl-C'52 alky L C1-CJ2 alkenyl, CM -CM 2 aikynyi. C6- 
CIS aralkyl. C6-C18 aralkenyi, C6-C18 aralkynyh ester, ether, ketone, alcohol, poiyol, 
amide, amine, poiygjyeoh poiycifter, poiyamine, thiol, th'to ether, jhioesier, phosphorous 
containing, and heterocyclic. 

Bifunctionai 

Bi functional molecules, commonly referred to as crosslinfcers, are used to connect two 
molecules together, i.e. form a linkage between two molecules. Btfunctionaf molecules can 
contain homo or heterobiftmctionaliiy. 

Crosslinking 

Crosslmktng refers to the chemical attachment of two or more molecules with a 
biftmctiona! reagent. A bifuoctional reagent is a molecule wtth two reactive ends. The 
reactive ends can be identical as in a homobsfunctkmai molecule, or dtfferenl as m a 
heterobifucncttoriaJ molecule. 

Amphophilic and Aniphipathic Compounds 

Amphipathic, oraraphipbilic, compounds have both hydrophilie twater-soiubici and 
hydrophobic t water-insoluble) parts;. Hydrophilie groups indicate in qualitative terms thai the 
chemical moiety is water-preferring. Typically, such chemical groups are water soluble, and 
are hydroge bond d oi w acceptors witt watt ipko. ; 1 t roups nebxie 

toropoti t,s vith ilit ink" it 1 mic 1 tt j ne. peptid 

oltgom ' oho - ,i i •! >up containing amines atnides aikox\ atnides. carboxyiie acids, 
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suitors, or hydroxy Is. .Hydrophobic groups indicate in qualitative semis that the chemical 
moiety is water-avoiding. Typically, such chemical groups are nor water soluble, and 'end 
no? to hydrogen bonds. H\ n . m s ate hydrophobic groups 

Detergent 

Desergents or surfactants are water-soluble molecules containing a hydrophobic 
porno;; (tail) and a hydrophihe portion (head), which upon addition to water decrease water's 
surface tension . The hydrophobic portion can be aikyS. alkeoyL alkynyi or aromatic The 
hydrophihe portion cati be charged with either net positive {eationie detergents), negative 
(an i t d i i u \ i i ! > i i t t. s [l ' i n e < 

detergent). Examples > moo detergents are s,<o t m dodecyi vP c\ alveola: acid 
ethoxviateel units) Toerobutylpheny lather, palmitic acid, and oleic acid. Examples of 
caiionie detergents are cetylmtnethy'lammomum bromide and oJcylatrane. Examples of 
nomome detergents mclv.de. ; euro-' on altos me. Triton X- 100, and Tween. Examples of 
zw itt« to tic ictud midoprc i nc vuiioiutv 

(CHAPS and N-teiiadecyl- N, N-dimethyl-3-ammonro- \ -propaiX'suSftawtte. 



Surface Tension 

The surface tension of a liquid is the force acting over the surface of the liquid per 
unit length of surface that is perpendicular to the force that is acting of the surface. Surface 
charge has the units force per length, e.g. Nesvtons,- meter. 

Membrane Active Compound 

Membrane active agents or compounds are compounds {typically a polymer, peptide 
or protein) that are able alter the membrane structure. This change in structure can be shown 
by the compound inducing one or more of the following effects upon a membrane: an 
alteration that allows small molecule permeability, pore formation in the membrane, a fusion 

or ii o o i k ,t i j ^ ik or a , 

dissolving of the membrane- Tins alteration can be functionally defined by the compound's 
tciivit i t. least one the fi own assay red b <i ceil h (hemoiysi hposon 
ieakat i ^ onu * r i u usioi si no endosomal rt sc \t ' pi < * 

membrane active agent in our examples ts die peptide melhtm. whose membrane activity is 
demonstrated by m ability to release heme from ret! blood cells (hemolysis}. In addition, 
dtraethylmaleamic-modifjed me.Uitm (DM-Mei) reverts to nieldtm m the acidic e 
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of the endowsne causes, endosomai release as seen by the diffuse staining of fluorescein- 
tabled dextrao in our eodosomal release assay. 

1 '< peeifi j nernbra ictm com oun Mow for die transport oi n lee it k 

Aid m ICUt ! ' TuUlU "M ,t >«' 1 f I v. , „ NS t p, ■,, [ , t i s po,t 

5 mux ceoro lisht d b f > th< > j 1 - f emhrstse structure, 1 ior in otbk 
for pores i in the membrane structure, or the assisted transport of compound through the 
membrane. In addition, transport between liposomes, or ceil membranes, may be 
accomplished by the fusion of the two membranes and thereby the mixing of the contents of 
ttk membrnne.- 

10 

Membrane active peptides. 

Membrane active peptides are peptides that nave membrane acttvny. 'There arc many 
naturally oeatrring membrane aenve peptides such as. cccropto fmsects). magainm. CPf 3 
PGLa, Bomhmin BLP-S faii three from amphibians), meitttio (bees), semmalpiasmin 

15 (bovine), indoileidirt. bactcnccin (both bom bovine neutrophils), iaebvpiesm ! (crabs), 

protegtin (porcine leukocytes), and defenstns (from hitman., rabbit, bovine, fungi, and plants). 
Gramicidin A and gramicidin S (bacillus brevis). the [antibiotics such as nisin { lactocoeeus 
iactist, androctonin (scorpion}, card.iotos.in I (cobra), eaerm (frog Istona xplendida). 
dermaseptin (frog). Vital peptides have also been shown to have membrane activity, 

20 examples include hemagglutinin subunit HA-2 (miluenxa virus). El (Setnliki forest virus), Fl 
(Scndai and measles viruses), gp4l (HIV), gp32 (SIV). and vpl (Rhino, polio, and eoxsackic 
viruses), ht addition synthetic peptides have also been shown to have membrane activity, 
bb ithe it mm k that arc j o ieucm mo. tics (Kb or f<L t i motif) tw ect show) 
to have membrane activity, in particular, the peptide i p \ 

25 Kt.LK.Ll.LKLWLKLI.KL.LX,KLL-C02, termed K.I..3, is membrane active 

Polymers 

l t t n ; a 1 t itt t i t > t (i i < m .it i| ints^J \ 
tin t t-, t p! f ! it in t)i \) 1 1 ( f 

30 t t i ( than 80 monomers. The ol j v< 1 v 

linear branched network siat comb or ladder types of polymei fhe polymer can h a 
iiomopotytner m which a stngle monomer is used or can be copolymer in which two or more 
monomers are used. Types of copolymers include vt !-• random, block and graft. 
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The main ehem oi < s< ) rear red for 

pt r gatkm oi 11 i) n K 1 h nc irbonyl < bon b 

and a-aminc groups, are required for the knpb oi I he polymer ami are therefore main chair: 
atoms The side chain of a polymer h composed of the atoms whose bon ds arc not required 
for propagation of polymer length. For example in po!y-l. -lysine, Ihe 3, y. 5, and e-earhxnw. 

i ttt 1 i ! 1 v ,>tt t ! i if ! 0 i ) v 1 v 

chain tuom.s. 

To those skilled in the art of polymerization, there are several categories of 
x)l mere on pr< that c b utilized i the d ?t d prow xdyme: atio 

t<_ i t it i in t \i t t 1 s v 

k< i u*. i - ' u is' A ' i. \ ,tn r ' 1 - 0. . ' ,u M on to <.nni_s ( \] 

P. Stevens Polymer Chemistry: An .introduction New York Oxford University Press 1990). 
Template polymerization can be used to form polymers from daughter polymers 

Step Polymerisation : 

In step polymerization, the polymerization occurs in a stepwise fashion. Polymer growth 
occurs by treat <i tied sines 

i reaction an and ihei ft t the end group 



hfioli n' > > i v v ' t f ' i kU^> ! ■ 1 > 1 £ ti 

lias i an eh t tips (A a >> i me mote s that 

A-B yields -{A-Bf 

Or the other approach is to have two dtfancttonal monomers. 

A-A - B-B yields -[ A-A-B-B]- 

Generalty. these reactions can involve acyhttton or aJkyiataio. Acviasion ts defined t 
introduction of an acyi group £-C0Rj onto a moiecule. Aikyiation ts defined as the 
mireducnoit of an aikyl gtonp onto a molecule. 
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if i\me d group A is an ae i s 
isocyanate. acyl azide, N-hydroxysuccimmide. st; 
formaldehyde and giiuareldvasyde}. ketone, epoxii 
alkylphosphase. arythalideMdijluoro-dinitrobeim 
mirophetiy! esters, o- nitrophenyi nemachiorophet 
other !eom when ibnclion A is an amine then fun 



If&nctkmai group A is a thiol, sulOtygryl A.:- function B car: be (but not restricted 
to) an iodoacety! derivative, makirmde. aziridine derivative, acryiovl derivative, 
to thforoben i deri u> o imdfid de.ri ti isocb a yrkiyi disulfide or 5-thio-2 
nifroberutoic acid{TNB> derivatives). 

If functional group A is carbaxyiate then function B can be i 



Other addi 



restricted to) a 
ay be utilized 
ie or alcohol 



sue i < s f 1 thyiarninop 

15 using carbodiimwk; and dtuieth\.-t:uninopyrktjo< 
if functions! group A is an hydroxy! iiu 
epoxsde, oxixatte. or an amino in which carbon; 
carbonate, or Nbiydroxvsuocmirnidyi chforofoa 

i Jo '« Ajoim \ t ilkl ok i 1 k<>> 1 in.iiin 1 ui e< but not 
20 restricted to) ais hydrazine, hydrazkie derivative, amine (to form a mime or t minium that may 
or may not be reduced by reducing agents such as NaCNBHhj } or hydroxy! compound to form 



f:iot! B can be (but not testneted io) an 
dazok or N, N'-dLsucciromidyj 
•r other chlorofermates are used. 



Yet another 3ppr« cod i to iave or idea ■ • n >uotner so that 

A-A plus another agent yields -f.A-AJ-. 

If function A is a thiol sulfttydtyl. group then it cat: be converted to disxdfide bonds by 
>» uti n _ it's wad h < it thi < ' 1 j > > ' n .> i i .t ' Hi f mcnoi 
A can also be an amine that is converted to a thiol, st.dfhydrvi, group by reaction with 2- 
Iminotbioiate (Tno.iik reagent) *hicb then undergoes oxidation and disulfide formation. 
Disu fide deri fives t such as > dyl d i 2-nnrob nc acidfl NB 

derivatives) can also be used to c nfoow sui del ad ormattoi 
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Functional group A or B m any of the above examples could also be a photoreaciive 
grou > such as an'; a i > rones, alkynes o r 

dta/mne derivatives. 

Reactions of the amine, hydroxy!, dnoi. suHhydryL carboxylase groups yield chemical 

> lw ! II v. r 1 1 . i ) I H <. '1 s v Uts v.1 1)11 1 

bothkx tsourea ulfmi ] < rbam icy earbon-mt e >ubk « d mas 
dk\ « a e bom iscc in i mm irboo-mu _o on Je boruk j hich the <. >n 
contains hydroxy! group, thm-ether. dioi hydrs^one. diaa or suUbm 

Chain Polymerization: In chain -reaction polymerization >v.th of the polymer occurs 
to os stiv i v tdi i t .ii 0)0 iimhnit ik, 1 u, t > I io iki' tn 

ar < m H.t mi pi u < t a j . tUt, ( im. il ti t.-u m i' i si , I !v 
polymerization rait: tcmaios eonsiant until (he monomer is depleted. 

Monomers containing vnyvi. aeryiafc, meihacxyiate, acrylarmde. nieihaaerylaruide 
groups can undergo cham reaction which can be radical, anionic , or canonic. Chain 
!5 polymerization car; also he accomplished by cycle or nog opening polymerization Several 
' t p s ' o , j t | i t 0 i v id us hat indiK > roxidi s ydroxy 
peroxides, arid azo compounds such as 2.2 , -A/obis(-amidii:opropanc.i dihvdrochSotide { 
AAP) A compound is a material made ep of two or more elements 

Types of Monomers: A wide variety of monomers can he used in the polymerization 
20 processes. These include positive charged organic monomers such as amines, imkime, 
guanidit it inc h\ iro himii h d ym f u\ k (lik n I rl \ k o< 
rnorphoHney pyrrolidine, or pyrenc. The amines could be pH-sensitive in that the pKa of the 
amine is within the phvsioiogic range of 4 to 8. Specific amines include spermine, 
s-i n.t i \ \ o im do ! !i i > < t ' o , UK \l !'!)> t ' i m- 1 \ \ 

.?? dimeths ddipropyiaimnonmm bromide. 

%< im \,m r . \'H''i i ii. s i pi >r 1 op nil i Mo tot ic u i aKo 
be intercalating agents such as aendnan thtazoie •.■;g,mgc. or ethidium bromide 

O Componert M rs and Poiym 1 ve other groups 

that tuc s kc tt 1 t l nun • t _ n r > t rt einov p>t >' optknxt 

tin ^s ,n group re ed tot or ft nucleic acid convpl i eeifi 

ceiK or ts> ue- I vnopk'- o M<.h i.ttiti unoiui. t <1 <t \ n« the 
oi, oglycop ins oi dactose residt :s Other proteins 

suci is ins b It 1 r tt nsfettit can be us t f to a ro Sect k 
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made up of 2 ox more amino acid residues connected o 
amiroaeu! ma v u.uu iU < c uniu en » 
can be used o targ ma cells Chemicj > ps ii ■ 
disulfide groups on cell;; can ako be usee! to target mar 
5 Ut,.miti^ can also "\ e\eu for i t) < > i. ! t ir tij 
with membnmes xuch as fatty acids. cholesterol, dansy 
derivative's. 

\fter interact > >' hi ;upcin ecs ; on ] 
groups can be used to increase the delivery of tlx: drug 

;<> ceil. For example, agents can be used to disrupt endosc 
(N'LSt can be used to target the nucleus. 

A variety of hgands have been used to target dt 
cellular receptors. The ligand may seek a target within 
membrane or near a cell. Binding ofhgarsds to recepto 

i.< Uganda could also be used for DNA delivery that bind 
For example peptides containing ROD peptide seqoenc 
used. In addition viral proteins could be used to bind tr 
could be used to directly insert a complex into cellular 
The polymers can also eotn.it:; cleavabie group 

20 the targeting group, cleavage leads to reduce ttileracttoi 
receptor for the targeting group. Cleavabie groups inch 
bonds, diols. diazo bonds, ester bonds, suifone bonds. £ 
enammes and imines. 



te to another as m a polypeptide. The 
ankles that include the RGT> sequence 
react: with thiol, sulfhydryl, or 
y types of cells. Folate and other 
group-- include molecules that interact 
oioi > ods and imp j rtexit it 

es with the ceil, other targeting 
or nucleic acid to certain pans of the 



s typically initiates endocyiosis. 
to receptors that are not endocytosed. 
e thai bind integrin receptor could be 
e complex to ceils. Lipids and steroids 
membranes. 

; within themselves. When attached to 
; between the complex and the 
.de but are oot restricted to disulfide 
estate, ketals, enoi ethers, enoi esters. 



Polyelectrolyte 

A polyelcctrolytc, or ooiyr 
contains a group (or groups} thai 1 
■>oiVvait"t ) e!e« t ) u t.v 

hydrobromtde. The poiycatton ca: 
neutral, or charge negative, hemes 
polycation also can mean a non-pt 
charges. A polyanton ts a polyelee 
contain monomer units that sac ch 



c ncu.itn. bargx neui I <>r e 



the r cbarg \ >olyanioi can also mean a non t met 
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m U i . , r ! t 1 » t 

pofycation, polyathon, zwitterionte polymers, and neutral polymers. The term zwineriorac 
refers to the product (sain of -he reaction between an acmic group and a basic croup that are 
part of the same molecule. 

Chelator 

A chelator is a poiydemate hgand. a m > cede d, it oao occupy more than uiv she m 
the coordination sphere of an ion, particularly a metal ion, primary amine, or single proton. 
Examples < - c poiydemate molecules 

\ crown ether is 3 cyclic po tl coniainmj sdCR >n.in mils \ he? - S-3 and m 
3-8. The X and CR I -3 moieties can be substituted, or &{ a different oxidation states. X can 
be oxygen, nitrogen, or sulfur, carbon, phosphorous or anv combination thereof K can he if 
C (.). S, X, P. A subset of crown ethers described as a cryptate contain a second p-XyCRX 
2}n)z strand where ar*3-8. The beginning X atom of the strand is an X atom in the o-X-(CR}- 
2in}m tin r,d he; rni I CH2 of ih <. strand is » to a < X torn i the ( K 
(CRi-2)n)m unit. Non-cyclic polydentaf.c: molecules containing < X fCRiXinjm unh(s). 
where n - i -4 and m ~ 1 -8. The X and CR .1 -2 moiet tes can be substituted, oi at a different 
oxidation states X can be oxygen, nitrogen, or sulfur, carbon, phosphorous or any 
combination thereof. 



PolyeheSator 

eovaleni bond and can include a spacer. The polymer can be canonic, anionic, zwitterionie, 
neutral, or contain any combination of canonic, anionic, zwitterionie. or neutral groups with a 
net charge being canonic, anionic or neutral, and may contain sieric stabilizers, peptides, 
P'uVi is. Sign i t ) ti t il e micedat 

i i ferab npbipaft imi can have a bydroph 

segment thai: is canonic, anionic, or zwitterionie. and can contain pniyroerbabie groups, and a 
is ipho s< nei that i tii i ! r t j 

Steric Stabilizer 

■\ sienc smb'ticer is a hvdrophtitc yroi:p da.t prevents aggregation ot a polymer or 
p.asicle b\ sieticalh. hindering particle to particle electrostatic interactions. Examples 
include Xksl uronps. PbG thair.s. polysaccharide;., hydrogen molecules, alkyt amines. 
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Electrostatic interactions are She non-covalent associaiioj; of two or .more substances due to 
attractive forces between positive and negative charges. 

Buffers 

5 h iti » u m tk fm .: weak s or k base u then sate ■> U ,ol i ion 

resist changes in pH when additional acid or base is added to the solution. 

Biological, Chemical, or Biochemical reactions 

Bi< teal, ehens ical. or ! mica] }ve the form r cleavage 

to ionic and/or co vaient bonds. 
Reactive 

A compound t reactive n , i% capable of forming either an some < a eovaient bond 

w t! a 4i . << - >\x . it i> »i m f i oiju s o , t t ^ j it K>r , , 

ovaleni b ;;ti n 1 > enve functional grot ps 

Lipids 

Lipids we compounds that at " ft irganic solvent which 

have die general structure composed of two distinct hydrophobic sections, that is two separate 
sections oi imh . . carbon bonds. The two hydrophobic sections are connected 

2» through a linkage that contains at least one heteroatom, that is an atom that is not carbon (e.g. 
nitrogen, oxygen, silicon, and suffer). Examples include esters and amides of fatty acids and 
include the giyeeruies t ! ,2-i.iio;eoylgiyceTol iDOCPg giycoHpids. phospholipids 
(dioieoyiphosphatidyiefhaudarnme {DOPit i). 

25 Hydrocarbon 

Hydrocarbon means containing carbon and hydrogen atoms: and haiohydrocarbon 
means containing carbon, halogen if . Ci. Bt i t, and hydrogen atoms. 

Alkyh aikerao alkwHe an I 

30 Alky! means any sp"' -hybridized earboo-eontaming group: alfceny! means containing 

two o' tuofs. v~ 1 , ! tj u v ipi , i t 1 h \ t i t t t i . >«- 1 i re sp 
HK docu <.< rv>n U is j I st ^ t s U n i m v n(iiir T mi .is it ia ( t i m 

containing sp" hybridized carbon atoms: araikeny! means containing one or more aromatic 
42 



WO 01/37665 



ringt'sd in addition to containing two or more sp~ hybridized carbon atoms; araikynyf means 
ontaini om r « >t t >m li i inn tinn o or mo ^ N brk 

i ^1 I l O. > ! Jl 0„s , 1 ( iU UH U'm| sf^it i !K U( i d<. ! <'M\tS 

5 Steroid 

A steroid derivative means a sterol, a sterol in which the hydroxy] moiety has been 
modified i»u n, acviated). or a steroid h to t or u anaioc: dtu U 1 ' 
modification cai inch i \ \ »ups hid or react) v< i ot »s 

iff Carbohydrate 

Carbohydrates include natural arid unnatural sugar* i tor example glucose), and sugar 
en t st i k t t r it >re of t a ooj 

oo the swear moiety has been modified {for example, but not limited to, acylated), ot a system 
in which one or more of tlx: hydroxy! groups \% not present). 

IS 

PoJyoxyethytene 

Polyoxyetbykme means a polymer having ethylene oxide units ( ■•(CH2CH20} [r , 
where n=2-3OO0). 

20 Compound 

A compound is a materia) made up of two or more elements. 

Electron Withdrawing and Donating Groups 

bieciron withdrawing group is any cherracai grotsp or- atom composed of 
25 electronegative aforn(s). that is atoms that lend to attract electrons. Electron donating croup 
is am cum ^ 
attract electrons. 

Resonance Stabilization 

30 is i! i t i i i n t i it t t n t 

bonds, The inductive effective, in a molecule, is a shift of eiccirun density due to the 
notarization of' a bond by a nearly-, eieetrooegaovc or electropositive atom. 
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Activated Ca rboxy iat* 

An activated carboxylase is a earboxylic acid derivative that reacts wtih nuckophiies 
to form a new covaknt bond, Nucieophiies include nitrogen, oxygen and su.lfu.r--coniainmg 
compounds to produce ureas, amides, carbonate*, carbamates, esters, and thmesiers The 

pi > >h 11 m uronaoms to pnx c activated rb y! < * urs >bospht i s 

i d at o 1 n ca b< ; < >.cm on rbo.xyb eid m sod in onjxsnt io 

with hydroxy and armne-comamme , >i i'H' uh s u i vuu k o. ,\t, oarbuxyiates \ 
hydroxysuecioirrnde esters. hydroxylxmzofria^ole esters. N4iydroxy-5-norhornene~endiv2.3- 
dicarboximide esters, p-ndropbenyi esters, pentatluorophcnyi esters. 4- 
dimetby iamtnopyridimum amides, and acyl imidazoles. 



Nticieophtie 

A nueieopbde is a specie* possessing one or more vkdMiu i sites, such as an 
IS ufcshared pair of electrons, the negative end of a polar bond, or pi electrons. 

Cleavage and Bond Breakage 

Ueax.ijR ot bond bieaLme is (he k>s\ m i e> ^ ..lent ootid be'ox eon u< «<>ms 
CJeavable means that a bond is capable of being cleaved. 

20 

Substituted Group or Substitution 

parent system instead of a hydrogen atom for die compound methy (benzene (toluene.!, the 
methyl group is a substituted group, subsument, or sabstimtion on the parenf system ben/ene. 
2s 'The methyl groups on 2.3oiiroeihy;maksc anhydride ere stibsumted groups, or substitutions 
on the pares:! compound lot system) maieic anhydride. 

Primary and Secondary Amine 

A primary amine is a mtrogen-eomammg compound which is derived by 
So monosobstitution of ammonia (Nfh; by a carbon-containing group. A primary amine is a 
nitrogen-containing compound which is derived by dixubstmmoo of ammonia i'NHs } by a 
carbon -containing group. 
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Examples 

The following examples are provided i order to demonstrate and further illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
u i) d iin itii » f e< hereol 

i n > > v in 1 . 1 

fi-Cyelodextrin (0.5 gm. 0 38 mmol) and succinic anhydride (0 5 gm. 5 mmol > were dissolved 
in anhydrous pyridine { J 0 mL) for 4 h. The sueemyHVcyciodextrtn was then precipitated by 
addition of 40 mL isopropyi alcohol. The precipitate was then washed 3 times with SO mL 
isopropyi alcohol. 

L - _ „ 1 j. o 

SuccinyL fi-cyclodextrin (75 mg, 0.05 mmol.) and poly-L-lysine (2 mg, MW 52,000. 0.01 
mmol amines.) were dissolved in 1 mL water. To this mixture was added N-{3- 
dimethylaminopropyO-N-ethylcarbodianide hydrochloride {40 mg, 0.2 mmol) and the 
reaction was allowed to proceed overnight. The reaction mixture was then placed into a 
dialysis bag (12,000 molecular weight cutoff) and dialyzed against 3x I L water for 72 hr. 
Lyophilization resulted in 6.7 mg of ixily-L-lysjoe-suceiny!- p-eyclodextnn, winch is 35% 
modification of the amine residues. The polymer was then dissolved in 0.2 mL of water. 

[ \cmnle * ^ i \ 

Poly-L-lysine f 5 me. 0.02 mmol amines) was dissolved in 0.5 mL water, to this solution was 
added o'ieoyl chloride (0.5 mg, 0.002 mmol) it) 20 uL of acetoniirile. 

Lxairmje 3:Symhesis of sueeirivioieo yipoly-L^ystjje 

To a solution ofpoiy-L-lysme-oleoyf amide (2 mg ) in 200 mL water was added succinic 
anhydride (20 mg, 0.2 mmol } and potassium carbonate ( 1 00 f «g 0. 7 mmol). After 5 minutes, 
the six em v ! a ■> [ 1 s> n< t *s ^ n t t i no t i i si ip! 

alcohol. 

a\exjjjnpjje^^ 

fi-Cyeiodextrin tO 5 gm. 0 3d mmol land sodium hydroxide (0.18 gm ; 4,5 mmol) were 
dissolved in water (0.8 mL) and. heated to 30 :: C. To this solution was added epichlorohydrin 
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(0 5 mi } rmnol) and the immiscible solution were tin e at 30 tor 3,5 h, dm 
which time the epjchiorohyctrm dissolved tn the aqueous solution. The epsciilorohydrin- fV 
cyclodextrin copolymer was then precipitated by the addition of acetone $ 10 ml). The 
a<.eton - wis ike irL\ ..ro -c precipitate a di--. men n water (2!S eel ; and dt ih cd tn 
14,000 molecular weight cutoff tubing against 2x11. water for 4 b h. The polymer was then 
isolated by ophi iioj to yield < 3 gm >i xdymei 

eveind otnr; copo lymer, and 4od>utviben..o:-ic acid. 

To a solution of epfcblorohyddti-fVcyclodextiits copolymer ( 1 00 ugonL.i and poiy-L-lysme 
(100 pg/mL) was added 4-r-bu!yibenzote acid {3 mM f. The size of the panicle formed by the 
three agents was iOO run. measured by a Brookhaven ZetaPlus Particle Sizer. Particle 
formation is observed only in ihe presence of al! three components and is independent of the 
order of addition of each component. 

-J, _ w !l > _ _ * dy _lJ ; _> >< j > 

cyclodoarm copolymer, and ._olemy]rmuric. 

To a solution of eptehlorohydrin- £-eyclodexitin copolymer (50 ug ml.) and plasmtd DNA 
(10 pg/mU was added oleoykmine (Off mM). The size of the particle formed by the three 
agents was 78 nm. measured by a Brookhaven ZetaPlus Particle Sizer. Particle formation is 
observed only in the presence of all three components and is independent of ihe order of 
addition of each component. 

Exampl e 6: Chamc teriyatioi; of particle;; formed between masnnd DN A and po'yd. dysirio- 

fo a solution of piastoid DN.A. t ug/mf. ) was adder poly 1 -1, sine six ovi p-cyclodextrin 
(30pgfroL). Tire size of the particle formed was 8b am arid its charge was I It? mV, 
measured by a Brookhaven ZetaPlus Particle Sorer. To these particle was added Triton X- 
100 (0.2 mgmiL) tesuhmg in a particle that was 140 nm in size wifh a charge of 22±4 mV. 
Addition of sodium chloride < 1 " mMjto these particles resulted ui particles that were i 15 
nm in siee with a charge of 7i2 mV. If T riion \-!0o is not added to the particles prior to the 
addition of , d ur chloride the particles become large, >200 nm 
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P s ample 7: hi virro Tamsf ec i iDit with IdekV poiydMysme- succn 
k 1 ' J he pr exjr 

h d mh i) X Ml ^ i i mi ou_ cw lira mfiul.^irvlm^ D th I 
5 Williams P, Herweijer H, Zhang Q. Latendresse i$. Bock I, Wolff JA /7.w« Mo/. &>«<?,<. 

5997, 6. 1435) in 0.5 nil. of i) or 3 mM aqueous fi-cyebdextnn w&s added pojy-L-iysme (30 
ge ' if so >. perfo 0 iv " 1 f succinyioteoyip - J Une was added The DNA 
complexes were then added {200 aid to a well containing 3 13 mouse embryonic fibroblast 
ceils in 290 mM glucose and 5 mM HE PES buffer pH 7.5. After 1.5 i the glucose solution 
K> was replaced with Dubeifxds modified Eagle Media and the cells were allowed jq incubate 
for 48 1 rije cell were t! n harvested i die issayed U iuciferas nvit ii uuk 
activity in the presc f S I > m hi sgher t 1.30 la te.fi nts) 

than m the absence of ikcyciodextrm f'RLLK- 9,924). 

o K < 1 1 ' ' 1 a-j. _ _ _ " _ v. 1 i > ,r > -« 

- >p< 1 ) a ' ) tlar^vi .i hm M a mcaod 

To plasmid DNA pCIbac HO ug/mL, 2.6 ggm.L pCI'luci in 0.5 nil. of aqueous 0 or 3 sniM 4-o 
bttlyltenzok acid was added poly-l -lysine (30 ug /'ml). Subsequently, 0.15 rog/mL of 

20 suecioyiated poiy-Ldysioc or epichlorohydrin- 8-cye!odexinn copolymer was added. The 
DNA complexes were then added t200 pU to a well containing 313 mouse embryonic 
fibroblast ceils io Dubcico's modified I , k Mecia After 15 h. the media was changed and 
tit cells v. illowts to inco nUe lor 48 h ['he ceil i shei liars tec m th f ~>o t 
Of kt it o I t i t it s ii f ) 1 mi i k i h (i 

25 cyciodextrin copolymer was 8 S -fold higher 63 \4 166 relative light i.inits{R.LU}) that! those 
particles composed of succmybied polv-L-lysme i'3868 RUA 

I2_i2 fh 1 1 i k ui 1LAL3 1 1 L __ ii» i v v \ o ( 1 n t t j 

30 

To a solution of plasmid DNA (10 ug/mL) and fVeyeiodexrrio • epichlorobydrm copolymer 
(50 ggdu.U was added dodeeylamme ( 1 00 pM). The ss,-:e of the particle formed was 1 81 rtm 
as measured by a Brookhaven /.etaPlus Particle Sizer Poo:' io the addoion of dodecySamine 
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there were no particles farmed and solutions of S-cydodexsrm epichlorohydna copolymer 
arid dodecy) amine do no not form particles:, 

Exam ple 1 P: Chara ct criAan on of Complexes of pf AHIlsUff^ 
cvekxieKtnn-cplctdomhydrm copoly mer. 

To a solution of piasmid DNA (10 gg/mLland 3-cyciodextfin-epichlofo.hydrin copolymer 
(50 pg/mL) was added various amounts of I -adamantanamme f J 00-600 mV!}. The size of the 
m o ! M t \ 18 i omasti red B> i taFlas 1 c S e Vior t 
the addition of dodecylamine there were no panicle?; formed and solutions of ft-cycSodextrm 
epichforohydn.0 copolymer and dodeeyj amine do no not torn) panicles. 



1 - rnamamii <u 


Size of particles {urn} 


100 


>30,OO0 


200 


125 


300 


85 


400 


78 



55 Example 11: It; vivo expression of complexes of piasmsd DNA, I -adamantarnine, and [>- 
cydoriextnm -epmiiioroOydrm copolymer 

A complex of pCi Luc (50 ug/mU . 250 ugmf. B-cycSodexmo-ep;chiorohydfin copolymer, 
and 6 mM 1-adamantamine in 0,2 mi were diluted to 2.5 ml. in Ringers solution. 
Tails s i t ), ton <' s mi f thecomp <m t "> i prevto described 
20 (Zhang, G., Budker. V,. Wolff. J. A. Hum Gene Ther, 1999. 10, 1735.5 Luciferase expression 
was determined as previously reported (Wolff, J. A , Mabne, RAV.. Williams, P.. Cheng, W., 
Acsadi, 0 Jam, A. and feigner. Pi Direct gene transfer into mouse muscle m vivo. 
Science. 14650468.1900.}. A Lumat LB 950? (£G&G Berthoki Bad- -Wild bad- Germany) 
■men v, ; used 
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Organ 


Relative Light Units 


Liver 


10,3415,000 


Spleen 


103,631 
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Lung 


102351 


Heart 


50350 


Kidney 


261.912 



Example 12 lni\o(Hn.«P' o <. t it 1 i usii buet » smn u\ \ , 

cvclodextnn. 

Ptassnk; DNA was labeled with \lm t I . d 1 ajnsr labeling mi according to protocol. A 
complex of digoxin-labcled pCJ Luc (2 pgl and y-cycSodextnn (17 mg> were formulated in 
2,5 ml in Ringers solution. Tad vein injections of the complex were performed as 
previously described (Zhang, G„ Budker, V.. Wolff. J.A. Hum. Gene Ther. 1999, JO. 1735.) 
Lueifcrase expression was determined as previously reported ("Wolff. J .A., Makme. RAV.. 
WilUams, P., Chong, W, Aesadi. G., Jans, A. and feigner, PI.. Direct gene transfer into 
mouse muscle in vivo. Science. 1465-1468, 1990.}. A Lumal LB 9507 (BG&G Berthold, Bad- 
Wildbati Germany) lummometer was used. 



Organ 


Relative i ght 1 i ids 


Li vet- 


9,450,000 


Spleen 


365,000 


Lung 


290,000 


Heart 


01,000 


Kidney 


166,000 



Ail publications and patens s mentioned in the above specification are herein 
incorporated by reference. Various modifications and variations of the described method and 
system of the invention will be apparent to those skilled in the art without departing from the 
scone and spirit of the invention. Although the invention has been described in connection 
with specific prefctied embodiments, it should be understood that the invention as claimed 
should no! be unduly limited to such specific embodiments, indeed, various modifications of 
the described modes for carrying out the invention which are obvious to those skilled in ceil 
biology, chemistry, molecular biology, biochemistry or related fields arc intended to be 
witfim the .scope of the following claims. 
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A process for obtaining an expression product by delivering a polynucleotide to si ceil, 
eompnsitu:: 

a, associating an atnphiphile binding agent, an amphiphile. and a polynucleotide 
b deiiverine the eonrpjex to She ceil; and, 



[ k < Om > L i!t V (. Mlt 11 it ! N! 1 

evefodexsrin. 



? 1 in s it ) anWnpru c binding s i t net 



4. The process of claim ! further comprising complexity the polynucleotide with a 
polycaiion 



The process ofcl.n 



The process of dam- i who 



dams i ^ i ere; iWc p< 11 w eo de cot ^sts 



Act ipi » ) 1 lis ! _ i 1 is ssing 1 vX ■ i 'Hi nn n 1 i in . 
amphiphiic binding ageni. an amphiphiic, aid DN \ in complex 



12. The complex of claim 1 1 wherein the amphiphiic is attached to the DNA. 
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13. .hu mp x< clam 12 whe t mphij km < . tiached to DN 



14. Fhc ompie> >f claim !U wherein the am t > >i ing agent consist of a 
cyclodexmn 



15. A process tor obtaining an expression product oj mvs:s comprising: 

a. forming a complex With a cyciodextrtm an amphiphile and a polynucleotide: 
b delivering the complex to a cell in a mammal: 
c. expressing the polynucleotide. 

16. The process of claim ! 5 wherein the anipbtpbsk binding agent is poiymenc. 

i ?. The process of claim i 5 further comprising complex ing the polynucleotide with a 
polyeation. 

38. The process of claim 15 further comprising associating a polyamo.n in step {a}. 

19. The process of claim 1 5 wherein the ampMphile consists of a polymer. 

20, The process of claim 1 5 wherein the amphiphile consists of an interaction modifier. 
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